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1.0 INTRODUCTION 

Nobis Engineering, Inc. (Nobis), and its Team Subcontractors, Weston Solutions, Inc., and 

Avatar Environmental, have prepared this Public Comment Draft Feasibility Study (FS) to 

evaluate remedial alternatives for the portions of the Sudbury River (or the “River”) that have 

been designated as Operable Unit 4 (OU4) of the Nyanza Chemical Waste Dump Superfund 

Site (Nyanza Site) in Ashland, Massachusetts.  OU4 consists of portions of the Sudbury River 

impacted by historic mercury discharges from the Nyanza Site which have contributed to 

elevated concentrations of mercury in sediment, surface water, and fish; it constitutes 

approximately 26 miles of river downstream from the former Nyanza facility.  This effort was 

undertaken on behalf of the U.S. Environmental Protection Agency (EPA), Region 1 in 

accordance with Remedial Action Contract (RAC 2) No. EP-S1-06-03, Task Order No. 0026-

RI-CO-0115.   

 

1.1 Purpose and Organization 

Investigations conducted to date along portions of the Sudbury River indicate that the 

consumption of mercury-contaminated fish pose an unacceptable risk to human health in most 

reaches of the River.  This FS was prepared to develop and systematically evaluate remedial 

alternatives to reduce or mitigate this risk.  In the preparation of this FS a detailed review of 

available site information, including past investigations, was conducted to develop a Conceptual 

Site Model (CSM).  The CSM describes the fate and transport of mercury within the Sudbury 

River watershed.  The CSM was used as a basis for developing a computer model (constructed 

with the Water Quality Analysis Simulation Program, Version 7.3, also referred to as “WASP”), 

which was then used to evaluate a variety of different remedial alternatives, concurrent with a 

traditional evaluation of alternatives in accordance with federal guidelines and requirements.  

The purpose of the FS was to develop and evaluate a range of clean up alternatives so that 

EPA can select a remedial approach that will be put forth for public comment in a Proposed 

Plan and subsequently documented in a Record of Decision (ROD) for the Site.   

 

This FS was conducted in accordance with the EPA Interim Guidance for Conducting Remedial 

Investigations and Feasibility Studies under the Comprehensive Environmental Response, 

Compensation and Liability Act (CERCLA) (U.S. EPA, 1988b), the National Oil and Hazardous 

Substances Pollution Contingency Plan (NCP) (40 Code of Federal Regulations (CFR) Part 
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300), and the requirements under CERCLA.  Management of contaminated sediment within the 

Sudbury River was considered with reference to the Principles for Managing Contaminated 

Sediment Risks at Hazardous Waste Sites, Office of Solid Waste and Emergency Response 

Directive 9285.6-08.  Additionally, although more accurate costs are determined during the 

Remedial Design (RD), engineering costs for potential remedial alternatives are provided as 

part of this FS for the purpose of comparing alternatives but may vary during actual 

implementation.   

 

This FS has the following outline:  

 

• Section 1.0 – Introduction 

• Section 2.0 – Background and Contaminants of Concern 

• Section 3.0 – Summary of Risk Assessments 

• Section 4.0 – Feasibility Study Modeling 

• Section 5.0 – Applicable or Relevant and Appropriate Requirements 

• Section 6.0 – Remedial Action Objectives 

• Section 7.0 – Establishment of a Preliminary Remediation Goal (PRG)  

• Section 8.0 – Establishment of Target Sediment Concentrations (TSC) and Estimated 

Areas and Volumes  

• Section 9.0 – General Response Actions 

• Section 10.0 – Identification and Screening of Technologies 

• Section 11.0 – Development and Screening of Remedial Alternatives 

• Section 12.0 – Detailed Analysis of Alternatives 

• Section 13.0 – Comparative Analysis of Alternatives 

• Section 14.0 –  References 

 

An overview of the background of the Site, the CSM, and a summary of the human health and 

ecological risk assessments are provided in Section 2.0 and Section 3.0, respectively.  Section 

4.0 describes computer modeling conducted to facilitate comprehension of the dynamic 

processes in the Sudbury River and to evaluate the potential effectiveness of a range of 

remedial alternatives.  Section 5.0 contains a summary of chemical-specific, location-specific, 

and action-specific Applicable or Relevant and Appropriate Requirements (ARARs).  Section 6.0 

discusses the Remedial Action Objectives (RAOs) established by the EPA against which the 
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effectiveness of remedial alternatives were evaluated.  Section 7.0 provides a discussion of the 

Preliminary Remediation Goal (PRG) established by the FS.  Estimates of the areas and 

volumes of contaminated sediments that are addressed by the different remedial alternatives 

are provided in Section 8.0, as well as identification of the locations and size of potential staging 

areas that would be needed to support remedial activities.  Section 9.0 discusses the General 

Response Actions (GRAs) that could be used to attain the PRG.  Remedial technologies are 

identified and screened in Section 10.0, and a range of remedial alternatives are developed and 

screened in Section 11.0.  Section 12.0 provides a detailed analysis for each retained remedial 

alternative, Section 13.0 provides a comparative analysis of the alternatives carried through the 

FS and Section 14.0 lists the references. 

 
2.0  BACKGROUND AND CONTAMINANTS OF CONCERN 

This portion of the FS provides details regarding the history and environmental setting of the 

Site in addition to contaminant distribution including fate and transport mechanisms and the 

CSM developed for the Site.   

 

2.1 Site Description and History 

The 35-acre former Nyanza facility is located in Ashland, Massachusetts, approximately 22 

miles west of Boston.  As shown on Figure 2-1, the facility is situated in an industrial area 0.4 

km south of the Sudbury River (Stone and Webster, 2002).  The facility was occupied from 1917 

through 1978 by several companies that manufactured textile dyes and dye intermediates, most 

notably Nyanza Inc., which operated on the property from 1965 until it ceased operations in 

1978.  Additional products manufactured included various colloidal solids and acrylic polymers.   

 

During the period of operation, large volumes of chemical waste were disposed in burial pits, 

below ground containment structures and various lagoons.  Wastes contained in these disposal 

areas included partially treated process water, chemical sludge, solid process wastes (chemical 

precipitate and filter cakes), solvent recovery distillation residue, numerous organic and 

inorganic chemicals (including mercury), and off-specification products.  Process chemicals that 

could not be reused or recycled, such as phenol, nitrobenzene, and mercuric sulfate, were also 

disposed of on-site or discharged into the Sudbury River mainly through a small stream referred 

to as Chemical Brook.   

 



NH-2423-2010-F 4 Nobis Engineering, Inc. 

Mercury was used as a catalyst in the production of textile dyes from 1917 to 1978.  

Approximately 2.3 metric tons (2,300 kg) of mercury were used per year from 1940 to 1970, with 

approximately 45 to 57 metric tons of mercury released to the Sudbury River during this period.  

From 1970 until the facility closed in 1978, wastes were treated on-site and wastewater was 

discharged to Ashland’s town sewer system.  These revised treatment practices reduced the 

quantity of mercury released to the Sudbury River to between 23 and 30 kg per year or about 

400 -500 pounds during that 8 year period. 

 

Due to the size and complexity of environmental impacts at the Site, multiple Operable Units (or 

“OUs”) were created to allow independent evaluation of distinct portions of the site or media.  As 

described further below, OU1 is the landfill at the Site; OU2 is the contaminated groundwater;   

OU3 addressed contamination in the Eastern Wetland, Chemical Brook, Trolley Brook and 

Outfall Creek (also referred to as the “Continuing Source Area”); and OU4, addressed in this 

FS, is the Sudbury River.  Remedial activities at each of these OUs are in various stages of 

completion.    

 

The Site was listed on the National Priority List (NPL) on September 9, 1983.  Initial actions 

were conducted between 1987 and 1988; these activities included the removal of an 

underground storage vault containing various chemicals and associated contaminated soil for 

off site disposal.  Remedies to address the four OUs began in 1990, beginning with actions to 

control remaining sources of contamination.  First EPA addressed contaminated soil within OU1 

via consolidation and onsite capping; these remedial activities were completed in 1992.  Then 

EPA began addressing off-site groundwater contamination (OU2), by selecting an interim pump 

and treat remedy in a 1991 ROD.  Due to the discovery of Dense Non-Aqueous Phase Liquid 

within the groundwater plume and additional risk to human health via vapor intrusion in 

dwellings located above the groundwater plume, changes to the selected remedy were 

documented in a 2006 Explanation of Significant Differences (ESD) and are currently being 

implemented (EPA, 2010a).     

 

Contaminated surface water runoff and groundwater discharged from the Nyanza Site to Trolley 

Brook, Outfall Creek, the Lower Raceway and the Eastern Wetland resulted in the creation of 

OU3 to address contaminated sediment and surface water.  A remedy was selected in 1993 

which provided for the excavation of contaminated soil and sediments.  Remedial actions at 

OU3 began in 1999, and all cleanup and restoration activities were completed in August 2001 
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(EPA, 2010a).  To address both human and environmental risks beyond the limits of OU3 (i.e., 

within the Sudbury River), the 1993 ROD for OU3 created the Sudbury River operable unit, 

OU4, to allow further evaluation and eventual selection of a remedy (EPA, 1993).  

 

The Sudbury River flows northerly through rolling, hilly terrain and consists of a series of 

impoundments, flowing reaches, and extensive fringing wetlands.  A large portion of the land 

surrounding the Site is suburban residential, consisting of several closely spaced urban centers 

connected by arterial commuting routes.  The watershed area of the Sudbury River is 

approximately 165 square miles.   

 

For the purposes of this FS, the Sudbury River has been divided into ten reaches based on 

changes in river configuration, impounding structures, and stream junctures (refer to Figure 2-

1).  Two of these reaches were historically classified as a drinking water supply - Reach 3 

(Reservoir No. 2) and Reach 4 (Reservoir No. 1) – but in 1976 these areas were downgraded to 

an “emergency back-up” status, and then in 2007 they were declared as “surplus” to the needs 

of Massachusetts Water Resource Authority.  They are thus no longer part of the water supply 

(DCR, 2008).   

 

2.2 Contaminants of Concern 

The remedial investigation for OU3 (NUS, 1992) identified a variety of chemicals in the Eastern 

Wetlands, Trolley Brook and Upper and Lower Raceway and Outfall Creek but concluded that 

the only contaminant of concern (COC) affecting the Sudbury River was mercury.  Certain 

unique characteristics of mercury, with an emphasis on its ability to form a compound called 

methylmercury (MeHg), are discussed in the following sections.  Additional details regarding 

mercury are provided in the Supplemental Baseline Ecological Risk Assessment (SBERA) 

(Nobis, 2008).  The discussion that follows is generally intended to show that the river is subject 

to on-going deposition of mercury from atmospheric and other non-Nyanza sources; to explain 

why certain wetland areas of the river are more efficient at producing methylmercury (i.e., the 

form of mercury that is most responsible for mercury accumulations in fish and the form which 

threatens human health via consumption of contaminated fish); and to discuss the assumptions 

about mercury’s tendency to “methylate” more or less depending on how long ago the mercury 

was deposited.  This information was used in the construction of the WASP computer model, 

which was subsequently used to evaluate the effectiveness of various cleanup alternatives.  
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2.2.1 Mercury 

Mercury has unique physical, chemical, and bioaccumulative properties.  The volatility of 

elemental mercury and several organic forms, in conjunction with its ability to transform under 

different environmental conditions, allows mercury to readily pass from one medium to another.  

The fate of mercury, specifically methylmercury, in the biosphere is of particular concern 

because it is readily bioavailable to organisms and can subsequently bioaccumulate in 

individual organisms, via uptake from sediment, surface, food and air.  It can ultimately 

biomagnify within successive trophic levels of the food web.  Studies have shown that mercury, 

although not considered a carcinogen, can negatively impact the nervous system of organisms, 

including brain and kidney damage (ATSDR, 1999).   

 

Mercury is released into the environment from both anthropogenic (man-made) and natural 

sources.  Mercury enters the environment, in particular freshwater aquatic systems such as the 

Sudbury River, from three primary sources:  

 

• Atmospheric deposition  

• Point sources (such as the former Nyanza facility) and non-point pollution sources 

• Erosion of soil and sediment within a watershed 

 

Atmospheric deposition is the primary source of mercury contamination for the majority of 

aquatic ecosystems (U.S. EPA, 1997; Krabbenhoft et al., 1999).  The majority of mercury 

emitted into the atmosphere, and thus subject to deposition, is from a number of well-

documented, man-made sources (e.g., combustion of fossil fuels and municipal waste 

incineration).  Other substantial anthropogenic sources of mercury include smelting, biomedical 

waste incineration, chlor-alkali production, base metal mining, and mercury use in gold mining.   

These additional sources of mercury not only contribute to the global mercury pool, but also 

frequently create local point sources that result in localized acute mercury contamination.    

Atmospheric deposition is typically more pronounced in forested regions, such as New England, 

due to canopy cover that provides increased surface area to receive mercury (Driscoll et al.; 

2007).   
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Non-point sources also constitute a significant source of mercury, and include runoff from 

agriculture, construction and urban activities.  Finally, the natural weathering and erosion of soil 

and sediment can also release mercury, the origin of which can either be a result of human 

activity or the weathering of natural deposits in soil and sediment.   

 

Mercury in the environment can occur as a gas or liquid, or it may be bound to particles.  

Mercury is very persistent, remaining in the environment for decades following removal of the 

source (NOAA, 1996).  Within aquatic systems, mercury contamination tends to accumulate in 

areas of fine-grained sediment containing high organic content (Marvin-DiPasquale et al., 2009).   

 

There are three oxidation states of mercury typically found in the environment, with markedly 

different properties (U.S. EPA, 1997).   

 

1)  Elemental mercury (Hg0), the most reduced form of mercury, is a liquid at ambient 

temperatures, but extremely volatile.  Some of the elemental form can be oxidized and 

transformed while in the atmosphere before being deposited on land or in water, but the 

majority (95%) of atmospheric mercury remains in the elemental state.  Elemental 

mercury is oxidized into inorganic mercury, primarily in the mercuric (Hg2+) form and to 

a lesser extent, the mercurous (Hg1+) state (both of which are discussed below).  

Although Hg0 is found in the greatest abundance in the atmosphere, it can comprise 

10% to 30% of dissolved total mercury in a freshwater system, such as the Sudbury 

River; some of this elemental mercury within the freshwater system will ultimately 

volatize to the atmosphere.    

2)  Divalent mercury (Hg
2+

3)  Monovalent mercury (Hg

 or mercuric mercury) can form many different types of inorganic 

salts (e.g. mercuric chloride and mercuric sulfide) and organomercuric compounds (e.g. 

MeHg).  Divalent mercury is the most common form found in surface water, sediments, 

and biota (ATSDR, 1999).  Mercuric mercury enters the environment by atmospheric 

deposition as well as from point and non-point sources and erosion.  About 5% of the 

mercury in the atmosphere is in this form and can bind with particulates and settle out of 

the atmosphere by dry and wet deposition.  
1+

 

 or mercurous mercury) is a form of mercury that is unstable 

and not likely to occur under typical environmental conditions (U.S. EPA, 1997).  
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Although most of the mercury that reaches the Sudbury River from atmospheric deposition is 

elemental mercury (Hg0), some of this elemental mercury is converted in the river into divalent 

mercury (Hg2+) by numerous chemical reactions.  The reactions are controlled by 

environmental factors such as temperature, pH, sulfate availability, dissolved organic carbon 

(DOC), and oxygen content affect the speciation of mercury within an aquatic system.  Divalent 

mercury, in turn, is subject to methylation within the river, creating a compound called 

methylmercury (described below). 

 

Within surface water, the majority of mercury is expected to be bound to organic matter, 

generally suspended particles or DOC (Nobis, 2008).  In an aquatic system such as the 

Sudbury River, particle-bound mercury concentrates in areas of high deposition within a 

waterbody (Waldron et al., 2000).  Consequently, these areas can recover naturally following 

source mitigation because clean sediment will, over time, accumulate and sequester underlying 

contamination.  However, these areas also have the potential for redistributing contamination if 

disturbed via recreational activities or extreme storm events.   

 

2.2.2 Methylmercury 

Methylmercury (MeHg) is the most abundant form of organic mercury in the environment 

(USGS, 2008).  In sediment, methylation is the process by which dissolved mercury is 

converted to methylmercury primarily by sulfate-reducing bacteria at the oxic/anoxic interface.  

Although increased loading of mercury has been shown to initially correlate to an increase in 

methylmercury, continual additions eventually reach a point where the overabundance of 

mercury is toxic to the microbial population (Tetra Tech, 2008) – i.e., after a certain point, 

adding mercury to the river does not necessarily create additional methylmercury.  There are 

some photodegradation and other bacterial processes that have been known to additionally 

affect the net result of methylation in an aquatic system; however, these processes are not yet 

well understood.   

 

Methylation is likely occurring within all reaches of the Sudbury River to varying degrees.  It is a 

key step in the introduction of mercury into the food chain, as methylmercury is the most toxic 

species of mercury and has been shown to readily bioconcentrate (organism uptake from 

interaction with water) and bioaccumulate in individual organisms and subsequently biomagnify 

in the higher trophic levels of the food web.  Unlike other species of mercury, methylmercury 
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can enter the brain tissue and is retained for years, whereas inorganic mercury is more rapidly 

excreted.  The effects of overexposure to MeHg in living organisms can persist well beyond 

removal of the source of contamination.   

 

In fish, MeHg generally comprises 90-99 percent of the total body burden of mercury (Nobis, 

2008).  EPA’s 2005/2006 National Listings of Fish Advisories listed 31 states with fish advisories 

in one or more types of water bodies for mercury (EPA, 2007a).  Massachusetts currently has 

both a state-wide and Sudbury River-specific fish advisory due to mercury.  Uptake of MeHg in 

fish can occur as a direct result of contact with contaminated environmental media but has been 

observed to more accurately reflect food web processes -- approximately 90% of accumulated 

methylmercury in fish tissue is attributable to dietary uptake (Nobis, 2008). 

 

The cycling dynamics of mercury in the environment are illustrated on Figure 2-2.  This diagram 

is a generic representation of the various reactions that govern the amount of mercury in an 

ecosystem.  Wetlands, floodplains, and reservoir hydrologic systems all promote increased 

methylation due to common environmental factors such as fine grained substrates, high DOC, 

low oxygen and enhanced microbial activity.  Recent studies of aquatic systems have 

determined that under natural conditions, wetlands can be significantly more efficient at 

producing methylmercury than reservoirs or lakes, as described below.  Several reaches in the 

Sudbury River have wetlands areas, the most significant being Reach 8, which includes the 

3600-acre Great Meadows National Wildlife Refuge (GMNWR).  Historic data from the Sudbury 

River indicates that wetlands may have production rates of methylmercury up to 15 times 

greater than typical reservoir or lake production rates (Waldron et al., 2000).     

 

Methylation occurs most readily at the oxic/anoxic interface in sediment, and can vary in depth 

for wetlands based upon local environmental conditions (Tetra Tech, 2008).  River basin studies 

in the Midwest have observed increased methylmercury within the water column correlated to 

heavy precipitation events; heavy rainfall likely mobilizes methylmercury from anoxic wetland 

soils and also inundates normally dry sediment, which increases methylmercury production and 

subsequent export to the watershed (Balogh et al. 2006 and Brigham et al., 2009).  Similar 

findings were recently documented in a USGS report, which compiled mercury data from 291 

streams, located across the United States in variable environments including undeveloped, 

urban, agricultural, mined and mixed-use regions (Scudder et al., 2009).  Periods of high 

groundwater that result in discharges to streams from adjacent wetlands may also contribute to 
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increased methylmercury in the water column; this is because dissolved organic carbon in both 

sediment pore water and groundwater appears to be mobilizing mercury from wetlands soil 

(Krabbenhoft, 2009).   This is relevant to the Sudbury River in that high levels of organic carbon 

are present in the wetland reaches, such as Reach 8.    

 

2.2.3 Methylation Rates of “Old” Versus “New” Mercury 

Research conducted in the last decade has attempted to correlate the age of a mercury deposit 

in an aquatic environment with its susceptibility to methylation.  “New” mercury – e.g., from 

recent atmospheric deposition -- often exists as a free-dissolved species or is loosely bound to 

the exterior of a particulate, which allows microbes to easily utilize this type of mercury for 

methylation.  Conversely, mercury that has had time to interact with an aquatic system – such 

as mercury released from the former Nyanza facility – will likely exist in a more-stable 

precipitate or complex form or be sorbed to the interior of a particulate.  Therefore, “old” mercury 

represents mercury that is present in the system but is in a form that makes methylation much 

more difficult.   

 

Another factor that may contribute towards the differentiation of “new” and “old” mercury is its 

overall position in sediment.  “Old,” or legacy, mercury is often deposited and then covered by 

clean sediment.  Since methylation is most abundant in the top of the sediment column, newly 

deposited mercury present on the surface of sediment is more likely to be methylated than 

legacy mercury.  However, “new” mercury rapidly becomes “old” mercury as it is subsequently 

covered by new layers of native sediment during natural deposition (Tetra Tech, 2008).  

Conversely, legacy mercury can be rejuvenated by being physically disturbed and transported 

to the top of the sediment column for potential methylation under more favorable conditions.   

 

Currently, published research confirms that new mercury methylates and thus bioaccumulates 

more readily than old mercury, although how much more readily has not been precisely 

determined and most likely depend on local environmental conditions.  In Florida, experimental 

results from the Aquatic Cycling of Mercury in the Everglades Project indicated that “new” 

mercury is three times more prevalent in fish than older mercury (Gilmour et al., 2004).  And two 

recent USGS studies suggest that the concentrations of methylmercury in sediment is relatively 

constant across widely different rivers with widely different amounts of total mercury in sediment 

and widely different amounts of contamination from sources like mines and/or industry.   This 
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suggests that the concentration of methylmercury in sediment (i.e., the form of mercury most 

likely to bioaccumulate) in any river is more attributable to recent atmospheric deposition, rather 

than to point sources like Nyanza (Marvin-DiPasquale et al., 2009).  On the other hand, 

research conducted in Canada under the Mercury Experiment to Assess Atmospheric Loading 

in Canada and the United States (“METAALICUS”) Project, also observed increases in 

methylmercury in aquatic biota from direct application of mercury to a water body, but the 

increase was not proportional to the amount of “new” mercury added to the experimental system 

(Harris et al., 2007).  The concept of reduced availability of “old” mercury versus “new” mercury 

is actively being debated and studied and will require longer duration experiments to understand 

all the potential implications for mercury cycling in the environment.   

 

For the purposes of this FS, the difference between old and new mercury is relevant because it 

suggests that new mercury, particularly from recent and ongoing atmospheric deposition, may 

be contributing disproportionately to the concentration of mercury in fish.  This, in turn, suggests 

that attempts to control existing deposits of mercury in the river (which would include deposits 

from the Nyanza facility) may be less effective than might otherwise be expected.  These 

hypotheses were considered in the construction of the WASP computer model, which projects 

the effectiveness of the remedial alternatives considered in this FS.      

 

2.3 Hydrology of the River 

An additional facet of the Sudbury River is the highly dynamic nature of its hydrology.  To better 

understand the potential for variable mercury speciation and concentration throughout the River 

and to ensure that representative conceptual and computer models were developed to address 

mercury fate and transport, the physical characteristics of the River must be well defined.   

 

The Sudbury River follows a general pattern of high flow during the spring and very low flow in 

the summer.  For example, the Saxonville gage reported a yearly high flow of 36 cubic meters 

per second on April 18, 2007, and a yearly low of 0.1 cubic meters per second from September 

5 to 9, 2007.  This wide range of flow affects the different parts of the river in different ways.  

Important factors affecting mercury fate and transport in the Sudbury River, such as soil 

inundation and sediment erosion, may be more significant in portions of the River with narrow, 

shallow channels and/or wetlands.  
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The characteristics of the Sudbury River system can be described as a flowing stream prior to 

its junction with the Nyanza Site (Reach 1), after which the River flows (Reach 2) into two 

Reservoirs.  The River flows first into Reservoir 2 (Reach 3), which consists of a series of lobes, 

and then into Reservoir 1 (Reach 4).  Each reservoir effectively acts as a settling basin, as 

velocity decreases and depth and width increase within these impoundment areas.  Reservoir 2 

has been estimated to reduce the total mercury load by 23% via sedimentation (Waldron et al., 

2000).  These reaches are depicted on Figure 2-1.   

 

After Reservoir 1, the Sudbury River increases in velocity and returns to a narrow channel 

(Reach 5) until it reaches Saxonville impoundment (Reach 6), where the channel widens and 

the velocity decreases allowing sediments to deposit again in the River’s third impoundment 

area.  Control structures (dams) exist at the outlets of all three impounded areas (Reservoir 2, 

Reservoir 1, and Saxonville impoundment).    

 

As the River outlets from Saxonville impoundment, the River channel narrows again and has 

adjacent areas of isolated wetlands along the banks (Reach 7) until it reaches the GMNWR 

(Reach 8), where the Sudbury River follows a narrow channel surrounded by a wide floodplain 

and wetlands region.  Reach 8 was modeled as a gently flowing stream as it traverses 

GMNWR; during periods of high flow, the River channel becomes wider to accommodate the 

increased flow while maintaining a low velocity.  Downstream of GMNWR, the River enters 

Fairhaven Bay (Reach 9), where it widens and velocity decreases again.  The last portion of the 

River is Reach 10, where the River returns to a flowing stream in a narrow channel with isolated 

areas of wetlands along the banks until its confluence with the Assabet River.  

 

Reaches 1 through 10 are discussed in further detail in the SBERA Report (Nobis, 2008).  For 

the purpose of constructing both the computer model and the CSM, the following assumptions, 

among others, were made:  During low flow periods, the impoundment areas of the Sudbury 

River efficiently function as large settling basins or lakes as opposed to periods of high flow, 

when the impoundments flow more like rivers; and, the reaches between the impoundments 

flow as rivers all year long, flowing at low velocities and shallow depths during periods of low 

flow and increasing in velocity and depth during periods of high flow.   

 

Based on the foregoing factors relevant to methylation, such as hydrology and distribution of 

new versus old mercury, Figures 2-3A through 2-3C have been created to depict the 
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methylmercury “flux” (or rate of methylmercury production).  As depicted on these figures, 

Reaches 3, 4 and 6 (impoundment environments) and Reaches 8, 9, 10 and part of 7 (wetlands 

environments) have a greater ability to create methylmercury than do Reaches 2, 5 and portions 

of 7 (flowing environments).  Moreover, the greatest flux of methylmercury is attributable to 

wetland reaches.   

 

Based on the ability of different environments to methylate mercury as well as knowledge of the 

total mercury concentration, one can identify those reaches that should be significant sources of 

mercury contamination in fish – i.e., the areas where an efficient methylating environment is 

combined with a source of mercury in sediment to feed the methylation process.  The 

impoundment areas fit this description, generally having a relatively high flux and high 

concentrations of mercury in sediment (up to 45 parts per million [ppm]).  Conversely, the free 

flowing areas have neither high flux nor high sediment concentrations.  Wetlands reaches, 

although containing less mercury (generally less than 3 ppm), have the greatest ability to 

produce methylmercury and thus would also be an area of increased concentration of mercury 

in fish. 

 

2.4 Contaminant Distribution  

Following discovery of mercury contamination in the early 1970s and subsequent investigations, 

conducted as recently as 2008, multiple data collections have been used to assess the 

distribution of mercury and methylmercury throughout the Sudbury River system.  Major data 

collection efforts were undertaken in the mid-1990s and in the mid-2000 within the Sudbury 

River to assess contaminant distribution within sediment, surface water and biota and the 

potential for risk posed to ecological and human receptors.  A subsequent sampling effort was 

completed as recently as 2008 to facilitate construction of the computer model created to 

support the FS.  A report that summarizes the data collected between 2003 and 2008 for the 

mercury modeling effort is included in Appendix A.   

 

Based upon the available data and recent research regarding mercury fate and transport within 

rivers, three inter-related processes are likely driving contaminant distribution in the Sudbury 

River system: 1) sediment transport mechanisms, which have resulted in the present distribution 

of mercury and which drive the location, availability and potential for methylation of “old,” 

Nyanza-related mercury; 2) atmospheric deposition, which will continue to supply ”new” mercury 
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to the Sudbury River that is readily available for methylation; and 3) area-specific hydrological 

conditions, which influence the rate at which methylmercury is produced or exported from the 

adjacent watershed.     

 

The following subsections discuss the concentrations of mercury in sediment, surface water, 

and fish issue.  

 

2.4.1 Sediment 

The highest detections of total mercury in sediment have been historically measured in Reach 

3 (Reservoir 2), at 45 ppm, followed by Reach 4 (Reservoir 1) at 15 ppm and Reach 6 (the 

Saxonville impoundment) with 10 ppm.  Lesser amounts of mercury (generally below 5 ppm) 

were found in the remaining reaches.   The median concentration of mercury in sediment 

follows the same general trend.  A summary of the most recent comprehensive (site-wide) 

sediment data (2003 – 2005) used to describe the distribution of mercury in Sudbury River 

sediment is provided on Figures 2-4A and 2-4B.    

 

As noted previously, fish tissue concentrations and the corresponding risk to humans are not 

driven solely by the concentrations of mercury in sediment – the rate of methylation within each 

reach is also highly significant, as it is this process which makes mercury available to fish.  Only 

a very small portion of the total mercury in sediment in any reach – much less than 1% -- is in 

the form of methylmercury.  The exact proportion varies by reach, with the wetlands in Reach 8 

predictably having a higher proportion of methylmercury than other areas.   

 

EPA has also conducted a trend analysis to identify any statistically-significant trends in surficial 

sediment mercury concentrations using data from various sampling events between 1989 and 

2008. This analysis was conducted for a subset of the reaches based on the availability of 

historic data.  The results of the analysis indicate no statistically significant changes were 

observed in the total mercury measured in sediments in either Reaches 3 or 4 between 1994 

and 2008 (although if older data from 1989 are included, a downward trend is noticeable 

between 1989 and 1994).  Within Reach 8, an upward trend was noted with the greatest 

increase in concentration observed between 2003 and 2008.  In Reach 9, a downward trend 

was noted with the largest decrease observed between 1994 and 2003.   
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In regard to the increase in Reach 8, the source of mercury is not clear.  While transport of 

Nyanza–related mercy cannot be ruled out, this increase may also be indicative of the increases 

through much of the late 1990s in atmospheric sources of mercury (NEWMOA, 2008).  Finally, 

the data used to conduct this trend analysis is limited in its usefulness by the small sample sets 

(N=3) that were available and the tendency of mercury concentrations to be highly spatially 

variable over short distances and depths.  The trend analysis memorandum has been provided 

as Appendix B to supplement this FS.    

 

2.4.2 Surface Water 

The reaches with the highest median concentration of both total mercury and methylmercury in 

unfiltered surface water are Reach 3 (Reservoir 2) and Reach 8 (GMNWR).1

 

  A summary of 

the most recent comprehensive (site-wide) surface water data used to describe the distribution 

of mercury in Sudbury River surface water is provided on Figures 2-5A and 2-5B.   

Unlike the sediment distribution of total mercury (which is highly variable), surface water total 

mercury and methylmercury concentrations are less variable between the upstream 

impoundments (Reaches 2 through 4) and downstream reaches (Reaches 8 through 10) and 

are not proportional to mercury concentrations observed in sediment.  While the total mercury 

concentration in sediments affects to a varying degree the concentration of mercury in surface 

water, there are other contributing factors.  For example, wetland areas adjacent to downstream 

reaches periodically flood and recede and thus can contribute substantially to the surface water 

flow and water quality after significant rainfall events.  Due to environmental factors within the 

wetlands that increase MeHg production and subsequent export to the adjacent Sudbury River 

in downstream reaches (notably GMNWR), it is likely that increased surface water mercury 

concentrations within those reaches is more attributable to these environmental factors than to 

the concentration of mercury in sediment. 

 

Although limited comparable data make it difficult to draw trends over time, EPA completed a 

trend analysis for some reaches of the river (where sufficient data exists).  For unfiltered total 

mercury, a downward trend was noted in Reach 3 with the greatest decrease between 1995 and 

2001.  No significant changes in concentrations were noted in data from Reach 4 and only a 

                                                
1  The highest concentration of total mercury in surface water was measured in Reach 2 (42 ng/L), but this was 

substantially greater than the median value (4 ng/L) at this location.  Median values are not influenced by outliers 
at the extremes of the data set, and thus are a better indicator of the average concentration.   
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marginal change was noted in data from Reach 8.  There was no total mercury data available 

for analysis of other reaches.  Analysis of methylmercury in unfiltered samples yielded the 

following trends: in Reach 3, a decrease in mean methylmercury concentrations was noted 

between 1994 and 1995 with no change observed between 1995 and 2008.  In Reach 4, a 

decrease in mean concentration was noted between 1994 and 2007, but no change was noted 

recently between 2007 and 2008.  Within Reach 8, an increase in mean methylmercury was 

noted between 1994 and 1995 followed by a drop until 2003, after which no change was 

observed.   

 

The trend analysis attributes the apparent drop in mercury in surface water in the mid-1990s to 

possible source mitigation activities associated with OU3.  However, between 2003 and 2008, 

methylmercury concentrations in surface water level off and the variability between reaches 

during this period is more likely attributable to differences in methylation rates within the 

different reaches of the River.  The trend analysis has been provided as Appendix B to this FS.  

 

2.4.3 Fish Tissue 

Fish tissue samples have been collected during multiple investigations conducted between 1990 

and 2008.  The most recently comprehensive (site-wide) collection of fish tissue data was 

reported in the 2006 HHRA and is summarized on Figures 2-6A and 2-6B.  Additional fish tissue 

samples were collected from Reaches 3, 8 and 9 in 2008 (two species only) and these were 

collected primarily to calibrate the WASP computer model.   

 

As indicated previously, methylmercury generally comprises 90-99% of the total body burden of 

mercury in fish in freshwater aquatic bodies.  The most recent HHRA analytical data collected 

from the Sudbury River is consistent with this conclusion in that 89% to 99% of total mercury 

detection within a given species taken from the River is methylmercury (Avatar, 2006).  

Therefore, this FS conservatively assumes that all mercury detected in fish tissue from the 

Sudbury River exists as methylmercury.  

  

The 2006 HHRA was conducted using the data collected between 2002 and 2004 and observed 

the highest mean mercury concentration in fillet tissue samples from fish collected from Reach 3 

(Avatar, 2006).  The HHRA used an aggregate fish tissue concentration as the exposure point 
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concentration; this is an average of the three species of fish collected (bullhead, yellow perch 

and largemouth bass) and is discussed in greater detail in Section 3.1.  

 

EPA completed a trend analysis of mercury concentrations in fish tissue from available data 

associated with sampling events conducted between 1989 and 2008.  The evaluation was 

limited to largemouth bass and yellow perch due (in part) to these species being the only 

species recently collected (i.e., in 2008).  Unlike sediment and surface water, additional 

confounding factors exist  when evaluating trends in fish tissue; these include the age of the fish 

as well as variation regarding the type of sample collected (fillet versus whole body).  To 

account for the lack of age data for some sampling events, these fish were age-normalized 

based on total length.  The trend analysis indicates that for 1- to 3-year old yellow perch, no 

significant change was observed in mercury concentrations in this species for Reaches 3 or 4 

between 1994 and 2008.  Similarly, no significant change was noted for largemouth bass 

between 1993/1994 and 2008 in Reaches 3 or 8. When older data is included (1989-1990), 

there appears to be a trend of decreasing average mercury concentrations in fish tissue for all 

species in all reaches.  However, a more rigorous statistical evaluation using the older data was 

not performed due to data quality deficiencies and/or uncertainties that could not be resolved 

due to the age of this data, which is more than 20 years old.  The trend analysis has been 

provided as Appendix B.  

 

One of the more significant findings of the fish tissue data is that the ratio of mercury in 

sediment to fish tissue concentration varies widely in the different reaches of the Sudbury River.  

Specifically, although fish tissue concentrations are highest in Reach 3, which also has the most 

contaminated sediment, fish tissue concentrations are also relatively high in Reach 8, where 

sediment is far less contaminated.  However, median surface water concentrations (for both 

total mercury and methylmercury) in both Reaches 3 and 8 were somewhat higher than in other 

reaches, and thus roughly proportional to the higher fish tissue concentrations found in these 

reaches.   

 

This is consistent with published literature indicating that fish tissue concentrations correlate 

better to surface water concentrations of mercury than to underlying sediment concentrations 

(Krabbenhoft et al., 1999 and Scudder et al., 2009).  In addition, recent research on mercury 

cycling in streams conducted by the USGS across eight diverse freshwater ecosystems 

included in the research study indicated that mercury in top predator fish tissue not only 
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correlated best with dissolved concentrations of total mercury and methylmercury in surface 

water, but also with DOC in the water column and the quantity of adjacent wetlands (Chasar et 

al., 2009).  Supplemental data collected by the EPA (from select reaches) in 2008 to support the 

development and calibrations of the computer model included DOC analysis from samples 

collected from Reaches 3, 4 and 8.  For these reaches, the DOC concentration ranged from 4 to 

8 milligrams per liter (mg/L).  The average DOC concentration was greatest in Reach 3 (6.4 

mg/L) and was next highest in Reach 8 (5.5 mg/L) followed by Reach 4 (4.9 mg/L) . 

 

Overall, the results of fish tissue analysis in the Sudbury River are consistent with published 

findings indicating that numerous factors affect the concentration of mercury in fish, including 

both the concentrations of mercury that fish are exposed to within the ecosystem and 

biomagnification within successive trophic levels.  These differing mechanisms may explain the 

lack of a direct relationship between elevated concentrations of mercury in fish tissue and 

sediment, particularly when the impoundments are compared to the wetlands reaches of the 

Sudbury River.  Moreover, within the wetland reaches, mercury contamination in fish may be 

more attributable to export of MeHg from the adjacent wetlands.     

   

2.5 Conceptual Site Model 

Historic and recent data collected from sediment, surface water and biota along the Sudbury 

River have been reviewed and synthesized to construct the following CSM.  This CSM is the 

basis for developing and evaluating different remedial alternatives.   

 

Mercury contamination within the Sudbury River from past discharges associated with the 

former Nyanza facility exists in both dissolved and particulate-bound mercury species.  The 

elevated concentrations detected in surface water and sediment contribute to elevated 

concentrations of mercury in fish, which in turn pose a risk to human health via consumption (as 

discussed in the risk assessment that follows).  The highest concentrations of mercury in 

sediment within the Sudbury River are located within the impoundments (Reach 3, Reach 4 and 

Reach 6) where sedimentation rates are highest.  The highest mercury concentration was 

measured in Reach 3 (44 ppm) and generally decreases downstream.  Methylmercury 

constitutes a relatively small proportion (less than 1%) of total mercury in sediment in all 

reaches.   
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Total mercury in sediments is being made less available to methylation as a result of burial via 

natural sedimentation processes at approximately 0.04 centimeters per year (cm/yr) in the 

impounded areas of the Sudbury River (Frazier et al., 2000).  Due to typical sediment transport 

mechanisms and benthic community interactions, mixing of Nyanza-related mercury with “new” 

mercury from atmospheric deposition to the watershed is likely occurring.  This mixing process 

may result in small areas of elevated concentrations in sediment, which (in the absence of any 

remedial action) could persist and/or be subject to migration downstream.  However, the 

likelihood of significant transport of the bulk of Nyanza-related contamination is low based on 

past studies that have determined the sediments to be relatively stable (Frazier, 2000).  

 

The depth of water above the most-contaminated sediment (Reach 3 and Reach 4) may also 

help to facilitate protection of sediment from future disturbance and resuspension.  However, the 

shallow depth of water in the Saxonville impoundment (Reach 6) likely does not provide as 

effective protection from future disturbance by a large storm event (e.g., 100-year event) or 

occasional recreational use.   

 

Surface water mercury concentrations within the Sudbury River follow a slightly different pattern, 

where methylmercury represents approximately 5% to 7% of the total mercury.  The reaches 

with the greatest median concentrations of both total mercury and methylmercury in unfiltered 

surface water are Reach 3 (Reservoir 2), which has a mercury concentration of 5 micrograms 

per liter (µg/L) total mercury and a methylmercury concentration of just under 0.4 µg/L, and 

Reach 8, which has a mercury concentration of 10 µg/l total mercury and a methylmercury 

concentration of just under 0.3 µg/L.  These are also the reaches with the highest 

concentrations of mercury in fish tissue.   A summary of the most recent comprehensive (site-

wide) surface water data used to describe the distribution of mercury in Sudbury River surface 

water is provided on Figures 2-5A and 2-5B.   

 

Surface water mercury concentrations have decreased somewhat over time, as evidenced by 

the recent sampling (refer to the EPA Trend Analysis Memorandum).  This may be attributable 

to completed remediation of the Continuing Source Area (OU3) and/or, more recently (within the 

last decade), reductions in atmospheric sources (MassDEP, 2006).  Filtered (dissolved) 

methylmercury was detected in Reach 3 surface water at the highest median concentration (0.4 

µg/L); this correlates with the highest observed sediment concentrations.  Downstream of Reach 

3, dissolved methylmercury in surface water decreases as do the concentrations (in general) of 



NH-2423-2010-F 20 Nobis Engineering, Inc. 

mercury in sediment.  However, beginning in Reach 7 and continuing in the downstream 

reaches (i.e., Reach 8, 9 and 10) dissolved methylmercury concentrations begin to increase 

again despite total mercury in sediment remaining consistently low.  This can be attributed to 

the superior ability of these downstream reaches, which have a greater abundance of wetlands, 

to produce methylmercury; this is consistent with the scientific literature describing these 

ecosystems as more efficient at producing methylmercury (Krabbenhoft et al., 1999; Kelly et al., 

1995; Kelly et al., 1997).   

 

Hydrologically, within the Sudbury River, faster-flowing reaches (Reach 5 and portions of 

Reaches 2 and 7) are comprised of substrate consisting of larger grained sediments such as 

cobbles, pebbles and sand that do not tend to accumulate mercury; they also do not offer ideal 

conditions for methylation as discussed previously.  Therefore, it is reasonable to expect that 

the sediment in the higher-velocity River reaches between the impoundments and the 

wetlands/floodplains would not accumulate high concentrations of mercury.  However, these 

intermediate reaches can transport mercury in surface water from the reservoirs to downstream 

reaches, which have the greatest potential for creating methylmercury.  Accordingly, 

methylmercury in surface water in downstream reaches may be elevated as a result of 

methylmercury transported from upstream as well as exported from the adjacent wetlands that 

periodically flood and recede into the main stem of the Sudbury River, thus transporting mercury 

that has accumulated in the watershed under more favorable methylating conditions.   

 

Mercury is being transformed into methylmercury regardless of its source (Nyanza-related or 

atmospheric deposition) via naturally-occurring processes and thus is capable of accumulating 

within an aquatic system.  Within the lowest trophic levels, bioconcentration and 

bioaccumulation are occurring via diffusion from direct contact and/or ingestion of contaminated 

sediment, pore water and surface water.  Biomagnification in successive trophic levels is 

resulting in fish tissue contamination that poses a risk to human health when consumed.  Once 

present in fish tissue, methylmercury is excreted over a long period and this process cannot be 

expedited even if the affected organism is relocated to a non-impacted environment.  There are 

three potential fates for contaminated fish tissue that affect the overall mass balance of mercury 

with an aquatic system including; 1) removal from the River by anglers, 2) consumption by a 

piscivore or 3) death and decomposition.  The latter two fates result in contamination being 

retained within the system while removal by angling is the only method that removes mercury 

from the river system.  For mercury species in the water column, volatilization to the 
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atmosphere, transfer to sediments for burial and outflow provide significant pathways for 

mercury reduction within the system.  However, continued input from atmospheric deposition is 

likely a significant continuing source of mercury.   

 

A reduction of available mercury within an aquatic system will reduce methylmercury in the top 

predator fish over time by reducing a portion of the mercury that is biomagnifying in the food 

web.  However, this reduction, as measured in fish, will likely occur over long periods of time (on 

the order of decades) and at different rates for the variety of environments present within the 

Sudbury River.  The variability will likely be due to localized food web dynamics and 

environmental conditions that are ultimately controlling concentrations of methylmercury within 

the aquatic system.   

 

Local environmental conditions and external loading mechanisms may have a greater impact on 

concentrations in surface water than sediment mercury concentrations alone.  Slightly elevated 

concentrations of mercury were observed in fish tissue samples from the impoundment reaches 

as compared to the wetland reaches, even though sediment concentrations are higher in the 

impoundment reaches by a factor of 10.  Reach-specific variations in the dynamics of the food 

web (such as prey items) may also contribute to variation of concentrations of mercury in fish 

tissue.  Within the wetland-bounded reaches of the River, elevated fish tissue concentrations 

are likely a result of increased methylation rates and export of methylmercury from the adjacent 

wetlands rather than a direct result of Nyanza-related mercury.  Although mercury in fish tissue 

within Reach 3 is elevated compared to the remaining reaches of the River, the increase is not 

proportional to the increase in sediment concentration.  The availability of mercury in the 

Sudbury River appear to be strongly influenced by consistent sources of mercury such as 

atmospheric deposition, in addition to the environmental factors associated with each reach 

(e.g., abundance of adjacent wetlands) which favor methylation.     

 

This CSM was developed concurrently with the WASP model constructed by the EPA Office of 

Research and Development.  The reader is referred to Section 4.1 of this FS for details 

regarding the model, as well as Appendix C, which contains two technical papers which 

document the model’s construction, calibration and results.   
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3.0 SUMMARY OF RISK ASSESSMENTS 

The following sections summarize the results of multiple Human Health Risk Assessments and 

Ecological Risk Assessments previously completed.   

 

3.1 Human Health Risk Assessment 

A Human Health Risk Assessment (HHRA) was completed in 1999.  It concluded that the only 

unacceptable risk to human health was from the consumption of mercury-contaminated fish 

(Weston, 1999).  Incidental ingestion and direct contact of surface and sediment were also 

evaluated but were determined not to pose an unacceptable risk to human health.   

 

Following the collection of fish from all 10 reaches, a 2006 Supplemental HHRA (Avatar 2006),2 

further modified by EPA in 2009 (U.S. EPA, 2009a),3

 

 concluded that the only exposure scenario 

resulting in an unacceptable risk to human health was the consumption of contaminated fish by 

a recreational angler.  A recreational angler is assumed to consume 50 fish meals per year, half 

of which come from the Sudbury River.  An exposure pathway for a subsistence angler 

(including an ethnic angler assumed to consume the whole fish - not just the fillet) was also 

evaluated in the risk assessment; this was based on anecdotal information (Avatar, 2006).  A 

subsistence angler is a person who relies on Sudbury River-caught fish almost exclusively for 

their dietary protein.  These risks to a subsistence fishing population were eliminated from 

further consideration due to lack of evidence that subsistence fishing was occurring.  The risk to 

a recreational angler is the basis for remedy development in this FS.   

The health risks from ingestion of mercury-contaminated fish represent a non-cancer risk, as 

mercury is not a known or likely carcinogen.  For the purposes of assessing non-cancer risks to 

human health from consumption, a non-cancer Hazard Quotient (HQ) was calculated and 

compared against a benchmark of 1.0, below which adverse health effects to an individual are 

                                                
2  The 2006 HHRA was conducted using the data collected between 2002 and 2004 and observed the highest 

mean mercury concentration in fillet tissue samples from fish collected from Reach 3 which, therefore, also 
resulted in the highest HQ values for potential receptors (Avatar, 2006).  The HHRA used an aggregate fish 
tissue concentration as the exposure point concentration; this is an average of the three species of fish collected 
(bullhead, yellow perch and large mouth bass). 

3  EPA issued a Technical Memorandum dated May 20, 2009 which adjusted the assumptions about consumption 
of fish from Reaches 2 and 9, based on whether the fish was from the flowing or standing areas of these 
reaches. 
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not likely.4  Conversely, EPA generally considers an HQ above 1.0 to pose an unacceptable risk 

to human health. A summary of the HQs for all impacted reaches of the River that reflect risk 

from ingestion of contaminated fish from the Sudbury River by an adult and a child recreational 

angler are provided on Table 3-1.        

 

As shown Table 3-1, the HQ exceeded the acceptable risk level of 1.0 in all reaches for the child 

recreational angler (the target population for this FS) except for Reach 5 and Reach 7.  Of all 

the impacted reaches, Reach 3 (Reservoir No. 2) posed the greatest risk for the child 

recreational angler at 2.1.  The corresponding adult HQ calculated for Reach 3 under the adult 

recreational angler exposure scenario is 1.2.  Reach 3 is the only reach found to exceed an 

acceptable risk of 1.0 for the adult recreational angler (Avatar, 2006).  The HQ for the child 

recreational angler in all the other impacted reaches range from 1.3 to 1.8.   

 

Potential human health risks due to ingestion of mercury-contaminated fish tissue by the 

recreational angler form the basis for the RAO established in this FS and are discussed in 

further detail in Section 6.0.  

 

3.2 Ecological Risk Assessment  

A Draft Baseline Ecological Risk Assessment (BERA) was completed in 1999.  The 1999 BERA 

relied significantly on food chain modeling and, based on this modeling, the 1999 BERA 

projected the existence of certain ecological risks.  In 2002-2005, field studies were completed 

and numerous samples collected to directly measure the degree of risk to ecological receptors, 

the results of which were reported in a 2008 Supplemental Baseline Ecological Risk 

Assessment (SBERA) (Nobis, 2008).  The SBERA relied on a substantial number of site-

specific measurements.  In total, 229 measurement endpoints were evaluated.  A measurement 

endpoint includes the results of food-chain modeling, as well as the direct measurement of 

contamination in species which reside in or adjacent to the Sudbury River.  The data was 

compared to concentrations at local reference areas and to literature values.  Only the following 

four scenarios showed a potential for adverse ecological effects above baseline conditions:   

 

                                                 
4  In this FS, the term Hazard Quotient and Hazard Index are used interchangeably.  In theory an HQ represents 

risk from a particular contaminant and HI represents the aggregate risk from all contaminants.  But in this case 
there is only one contaminant of concern, so HI and HQ are equivalent. 
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• Sediment mercury concentrations compared to benthic community Threshold Effects 

Concentration (TEC) and Probable Effects Concentration (PEC) benchmarks. 

• Mercury levels in fish with total length >20 cm compared with lowest effects level of 

reproductive Critical Body Residues (CBRs).  

• Mercury levels in Reach 8 red-winged blackbird blood compared to a generic avian 

blood effect level. 

• Mercury levels in hooded merganser eggs from Reaches 4 and 8.   

 

Following evaluation of the confidence and uncertainty of these four lines of evidence as well as 

the additional weight given to direct measurement (over food-chain modeling) the SBERA 

concluded that ecological risk to the benthic community, if present at all, is minimal.  The 

SBERA also concluded that, while mercury concentrations in biological samples collected were 

elevated in most reaches as compared to reference areas, it appears that potential adverse 

effects would be limited to larger, older fish at a higher trophic level.  In regard to red-winged 

blackbirds, these data were collected well after nesting season and thus the results were likely 

higher than earlier in the season -- when reproduction and chick rearing occurs.  As compared 

to benchmark values for other insectivorous birds, the data also do not indicate unacceptable 

risks.  In regard to hooded merganser eggs, despite the indication of risk as compared to the 

benchmark, 3 out of 4 eggs collected from reference locations also exceeded the benchmark 

concentration. 

 

Overall, the results of the SBERA are consistent with previous studies describing the 

biomagnification potential of mercury in aquatic systems and did not indicate that mercury 

contamination attributable to Nyanza are likely to result in “population-level” risk to ecological 

receptors residing in or using the Sudbury River.   

 

4.0 FEASIBILITY STUDY MODELING 

A computer model was developed to support this FS.  The computer model was constructed by 

the EPA Office of Research and Development (ORD) using the Water Quality Analysis 

Simulation Program (WASP) to create a spatially-resolved, dynamic water quality mechanistic 

model.  This model was used to describe the fate and transport of mercury species within the 

Sudbury River. 
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In addition to the computer model, a Bioaccumulation Factor (BAF) was developed.  A BAF 

correlates the concentration of mercury in fish to the concentration of mercury in surface water.  

Together, the computer model and the BAF were employed to investigate mercury cycling within 

the Sudbury River and evaluate the possibility of reducing long-term exposure risk via natural 

recovery processes and the effectiveness of potential active remedial alternatives.    

 

4.1 Water Quality Analysis Simulation Program (WASP) Model 

The WASP model created to support the FS was constructed using both site-specific and 

literature-based values to represent mercury distribution and mercury-cycling dynamics within 

the study area.  The model was constructed and calibrated as discussed in the first (Volume I) 

of two technical papers issued by EPA ORD.  The second technical paper (Volume II) discusses 

the use of the model to support the FS.  The technical papers are listed below for reference and 

are included in Appendix C:   

 

• Volume I:  Modeling Mercury Transport and Transformation Along the Sudbury River, 

Massachusetts (USA) with Implications for Regulatory Action.  (U. S. EPA, 2010b)  

 

• Volume II:  Modeling Mercury Transport and Transformation Along the Sudbury River, 

Massachusetts (USA) with Implications for Regulatory Action.  (U.S. EPA, 2010c) 

 

The spatial component of the WASP model for the Sudbury River required that portions of the 

River (all in Reaches 3 through 8) be divided into 33 “segments.”  These segments include the 

areas of River most affected by Nyanza-related contamination.  Each segment represents a 

cross-section of the Sudbury River system, with a surface water component and underlying 

sediment component(s).   

 

It should be noted that calibration of the WASP model did not include Reaches 2, 9 and 10, 

even though these areas have contaminated fish that, if consumed, pose a threat to human 

health.  The model’s original goal was to evaluate Reach 3, because it is the most 

contaminated, and Reach 8, because of its unique ecological value.  To do this it was 

determined that the model would also need to evaluate the reaches which connect these areas 

(namely Reaches 4, 5, 6 and 7).  Even though the model calibration does not include Reaches 

2, 9 and 10, EPA believes that the results of the modeled reaches are adequate to predict 
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outcomes in the non-modeled reaches, based on hydrological similarities between various 

modeled and non-modeled reaches (e.g., same watershed, similar flow conditions).   

 

The WASP model was calibrated using a variety of site-specific, region-specific, and historical 

data, including the following: 

 

• Analytical data for sediment and surface water 

• Analytical data for biological receptors 

• Hydrology, precipitation and hydraulic data for the River system 

• Physical characteristic data of the River system and sediments 

• Regional deposition and flux rates for mercury 

 

The model incorporates numerous processes that are an integral part of contaminant cycling 

and distribution in the Sudbury River system.  These processes/factors include the following: 

 

• Kinematic wave and impoundment flow routing 

• Solid/sediment deposition 

• Dynamic settling and resuspension of sediments 

• Mercury partitioning factors 

• Mercury transformation processes 

 

As indicated previously in Section 2.2.3, current research on mercury in aquatic systems 

describes the importance of differentiating between “new” and “old” mercury when predicting the 

fate and transport of mercury.  This concept is critical for development of the WASP model.  The 

WASP model made use of recently published data and on-going research to develop separate 

partitioning coefficients that capture the different methylation potentials of Nyanza-related 

mercury (i.e., “old” mercury) and background sources of mercury (i.e., “new” mercury) within the 

Sudbury River.  “New” mercury is mercury that has recently entered the Sudbury River System 

and is generally considered to be more susceptible to methylation than “old” mercury, which has 

had time to become more strongly sorbed to the sediment particles.  Additional information is 

provided in the two technical papers referenced above.   

 

Conclusions drawn from construction and calibration of the model are provided below: 
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• Model simulations during calibration indicated that predicted surface water 

concentrations of mercury were 1 to 2 orders of magnitude higher than observed when 

the model was run with a uniform partitioning coefficient (thereby indicating the 

unsuitability of using a single partitioning coefficient);  

• The effect of ambient sources of mercury can predict the concentration of total mercury 

within surface water reasonable well within the system as a whole, but cannot predict 

surface water concentrations in the elevated regions of methylmercury (suggesting the 

ongoing effects of high concentrations of old Nyanza mercury in sediment, 

notwithstanding its inferior methylating capability [as compared to the wetland reaches]);   

• Incoming surface water from Reach 2 appears to influence methylmercury in Reach 3;  

• Using a higher methylation rate in the wetlands for Reach 8 most accurately predicted 

observed surface water methylmercury concentrations; and 

• Predicted results more closely matched observed concentrations when Nyanza-related 

mercury was modeled with a partitioning coefficient 100 times greater than that used to 

represent “new” mercury in the system being introduced via atmospheric and watershed 

loading.   

 

After calibration, the WASP model was used to simulate the effect of various active remedial 

alternatives (developed and discussed in Section 11 through Section 13) and to predict surface 

water dissolved methylmercury concentrations following the implementation of each alternative.  

Volume I of the WASP model further discusses application of a site-specific Bioaccumulation 

Factor (BAF), described in greater detail below (Section 4.2).  A BAF is used to convert the 

outputs of the model from dissolved methylmercury in surface water to corresponding fish tissue 

concentrations.  The model results were then used to assess the projected effectiveness of 

active remedial alternatives as discussed in the detailed and comparative analyses, provided in 

Section 12 and Section 13, respectively.  As previously mentioned, Reaches 2, 9 and 10 were 

not included in the WASP model because the model was originally intending to elucidate factors 

controlling mercury in Reach 3 and Reach 8 (Great Meadows National Wildlife Refuge).  

Additional details and the applicability of the model-predicted results to these reaches are 

provided in Section 8. 
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4.2 Bioaccumulation Factor (BAF)  

A BAF is a ratio established by dividing the concentration of methylmercury in fish tissue by the 

concentration of dissolved methylmercury in surface water.  Establishing a site-specific BAF 

from the most recently available data (2007/2008) is important as it provides a means to predict 

fish tissues concentrations from the dissolved methylmercury concentrations predicted by the 

WASP model.  

 

In calculating a BAF for the river, filtered surface water methylmercury concentrations were 

paired with fish tissue (bass and perch) mercury concentrations, collected at approximately the 

same time and from the same reach (i.e., Reach 3)  As described in Section 2, it was assumed 

that mercury in fish tissue is MeHg.  The 2007/2008 data was used to perform initial BAF 

calculations for Reaches 3, 4 and 8.  As the reach-specific BAFs were similar, the BAF of 

7.8E+06 (liters per kilogram (L/kg) for Reach 3 (highest BAF calculated) was selected for 

application to the River as a whole, to provide a conservative estimate of bioaccumulation.  

Further details on the derivation of the BAF are presented in Volume 1 of the WASP Model 

technical papers included in Appendix C.  Utilization of a site-specific BAF, in lieu of using the 

national value of 5.74E+06 L/kg, is supported and preferred when a robust data set exists for a 

site, such as Nyanza OU4 (U.S. EPA, 2009b); the site-specific BAF value more likely reflects 

local contaminant loading and ecosystem parameters that are having a direct effect on fish 

tissue concentrations within the Sudbury River. 

 

5.0 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

Under section 121(d) of CERCLA, EPA is required (with certain exceptions) to ensure that 

cleanups comply with all state and federal environmental requirements that are either 

“applicable” or “relevant and appropriate” to the site.  These Applicable or Relevant and 

Appropriate Requirements (also referred to as “ARARs”) are traditionally subdivided into 

chemical-specific ARARs (i.e., that apply to certain chemicals), location-specific ARARs (that 

apply to certain locations, like rivers and wetlands), and action-specific ARARs (that apply to 

certain activities, like dredging and filling).  This section of the FS summarizes the key ARARs 

considered in developing remedial alternatives.   

 

The primary ARARs at the Site are requirements under Section 404 of the Clean Water Act, 

which regulate dredging and filling activity, and federal and state rules related to the protection 
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of wetlands and floodplains.  To generalize, these ARARs require EPA to choose the 

practicable alternative with the least adverse impact to the aquatic environment in and around 

the river.  As will be seen in the section below, which evaluates the ability of various remedial 

alternatives to comply with ARARs, this choice is complicated because it requires balancing 

between the adverse impact created by remedial activities in the river (such as dredging or 

capping the bottom with new sand) and the adverse impact that would result from simply leaving 

the contamination undisturbed.   

 

The National Recommended Water Quality Criteria (NRWQC) for mercury is typically also a 

requirement that is “relevant and appropriate” to cleaning up a river, and one would expect to 

see it listed as a chemical-specific ARAR.  However, in this case, the NRWQC for mercury is 

lower than the local background concentration of mercury.  Specifically, the NRWQC (which is 

expressed as concentration of mercury in fish tissue) is 0.3 milligram of mercury per kilogram of 

fish tissue, whereas the background concentration of mercury in fish, as determined by 

measuring concentrations in fish from reference water bodies including upstream portions of the 

Sudbury River, is 0.4 ppm.  This means that even if all Nyanza-related mercury were removed 

from the river (which is the only contamination EPA has jurisdiction under CERCLA to clean up), 

then mercury concentrations would still be above the NRWQC, presumably due to ongoing 

atmospheric deposition.  The NRWQC is also below the concentration of mercury in fish found 

to present no unacceptable risk under the site-specific risk analysis performed by EPA.  (This 

site-specific risk drives remediation goals in this FS, and is discussed below.)   Under these 

circumstances, and consistent with EPA guidance that advises against cleaning up to levels 

below background concentrations, EPA has determined that the NRWQC is not relevant and 

appropriate.   It has been retained in the ARARs tables in Appendix D as a criterion “to be 

considered” – e.g., EPA may re-evaluate the relevance of the NRWQC to the Site, for example 

if background contamination drops significantly.   

 

These ARARS have been compared to each remedial alternative to determine whether or not 

the alternative would be able to comply with the ARAR.  Alternative assessments that result in 

non-compliance for an applicable ARAR are highlighted in the detailed analysis and 

comparative portion of the FS (Section 12 and 13, respectively)  
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6.0 REMEDIAL ACTION OBJECTIVES 

The development of remedial alternatives begins with the establishment of Remedial Action 

Objectives (RAOs).  RAOs address the contaminants and media of interest and the exposure 

pathways that result in an unacceptable risk.  As summarized in Section 3, the results of the 

SBERA indicated that there were no unacceptable risks to ecological receptors (Nobis, 2008).  

However, based on the HHRA (Avatar, 2006), there were several reaches of the Sudbury River 

where the non-cancer HQ for an individual who consumes contaminated fish exceeded the 

benchmark level of 1.0.  The reasonably maximum exposed individual is assumed to be a 

recreational child angler who consumes approximately 50 fish meals per year, half of which (i.e., 

25 fish meals per year) are assumed to come from the Sudbury River.  The risk to a recreational 

angler is the basis for evaluating cleanup alternatives.  EPA has established the following RAOs 

for the Sudbury River:  

 

Human Health:

 

  Prevent the ingestion of mercury-contaminated fish to the extent that such 

ingestion would result in a non-cancer HQ > 1.0 for an individual who consumes fish from the 

Sudbury River.   

Human Health:

 

  Reduce the amount of mercury in sediment and/or surface water to ensure that 

mercury concentration in fish tissue no longer presents an unacceptable risk (HQ greater than 

1.0) except in Reach 8. 

The first RAO focuses on mercury concentrations in fish, because this is where the risk is, and 

prevention of consumption is one way to achieve the risk reduction.  The second RAO focuses 

on sediment and surface water because sediment remedies are the primary means of cleaning 

up surface water which, in turn, is essentially the only way to make fish tissue less contaminated 

and safe for human consumption.   

 

This second RAO has an exception for Reach 8, the Great Meadows National Wildlife Refuge 

(GMNWR).  In this reach, sediment concentrations are low (generally between 1 and 3 ppm); 

yet fish tissue concentrations remain marginally above safe levels for a child receptor.   EPA 

believes that the risk in Reach 8 is largely attributable to ongoing atmospheric deposition and 

the wetland environment’s superior methylating capacity, which converts atmospheric mercury 

into methylmercury available for bioaccumulation.  On this basis, EPA has determined that it is 
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inappropriate to clean up sediment and/or surface water in Reach 8, because doing so is 

unlikely to significantly reduce fish tissue concentrations.  EPA’s only goal in Reach 8, therefore, 

is the first RAO, which aims to prevent ingestion of contaminated fish.    

 

7.0 ESTABLISHMENT OF A PRELIMINARY REMEDIATION GOAL (PRG)  

The RAOs described above are dependent on the development of a fish tissue concentration 

that is safe for human consumption (i.e., does not lead to HQ>1).  A preliminary remediation 

goal (PRG) of 0.48 ppm of total mercury in fish tissue was established as this risk-based 

criterion.  The technical basis for this PRG is provided in Section 7.1.   

 

7.1 Preliminary Remediation Goal (PRG) 

Factors considered in the selection of a PRG for fish tissue mercury concentration include: the 

results of the Supplemental HHRA, site-specific background fish concentrations, ARARs, and 

TBCs.  These factors are summarized and compared in Table 7-1.  For the reasons discussed 

below, the PRG selected is a risk-based fish tissue concentration of 0.48 ppm total mercury in 

fish tissue. 

 

As described in Section 5.0, EPA determined that the NRWQC of 0.3 ppm was not appropriate 

to use at this Site, primarily because the NRWQC criterion is below the concentration of 

mercury in fish from reference locations, and also below the site-specific, risk-based 

concentration described in this section.5

 

   

The site-specific PRG was developed using the risk assessment methodology presented in the 

2006 HHRA to derive a fish tissue criterion that would be protective of human health and which 

corresponds to an HQ of 1.0.  This methodology is summarized in Section 3.1 of this FS.  Using 

this methodology, a criterion of 0.48 ppm of total mercury in fish tissue was derived.  

 

                                                
5  Another fish tissue criterion that was considered while establishing the PRG was the Action Limit established by 

the Food and Drug Administration (FDA) in 2000 for methylmercury.  The FDA recognizes an Action Limit of 1 
ppm for methylmercury in fish; this is the threshold for taking action to remove fish, shellfish, crustaceans or 
other aquatic animals from the marketplace (FDA, 2000).  This value was not selected for use because it applies 
to fish in interstate commerce and it does not meet the EPA’s acceptable risk range (HQ less than or equal to 1) 
for site-specific exposure pathways identified for the Sudbury River.  
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8.0 ESTABLISHMENT OF TARGET SEDIMENT CONCENTRATIONS (TSC) AND 
ESTIMATED AREAS AND VOLUMES 

The only practicable way to reduce mercury concentrations in fish is to isolate, reduce or 

eliminate the concentration of mercury in sediment – i.e., one of the sources of mercury to fish.  

It is not practical to clean up surface water and there is no method of removing mercury from an 

already contaminated fish.  Furthermore, because of other factors that tend to contribute to 

(atmospheric) or control (such as hydrology) methylmercury production, it is not a simple matter 

to determine how much contamination in sediment should be mitigated.  Yet, target sediment 

concentrations are necessary to determine the scope of the remedial alternatives to be 

evaluated.  Based on knowledge of the range of mercury present (up to 44 ppm) EPA selected 

two target sediment concentrations (TSCs) – 2 ppm and 10 ppm.  These TSCs have been used 

to develop active remedial alternatives (capping, containment, and dredging) capable of being 

evaluated by the WASP computer model in terms of their ability to reduce mercury in fish.  

 

To check the reasonableness of these TSCs, EPA compared the TSCs to sediment cleanup 

values used at other recent site cleanups.  These comparative values from other sites are 

summarized on Table 8-1.  However, these values are of limited relevance, because these sites 

had multiple contaminants of concern (i.e., other contaminants in addition to mercury) which 

frequently resulted in ecological risks being the primary driver for cleanup. 

 

In addition, EPA also verified its selection of TSCs by calculating bio-sediment accumulation 

factors (BSAFs).  BSAFs are essentially a ratio between mercury in sediment and mercury in 

fish within a given reach.  These BSAFs can then be used to “calculate” sediment 

concentrations in the Sudbury River reaches that correspond to an HQ of 1.0 – i.e., by reducing 

sediment concentrations by the same factor that fish tissue concentrations should be reduced to 

achieve an HQ of 1.  Because of the complexity of mercury fate and transport and weaker 

correlation between sediment and fish tissue mercury concentrations (as compared to mercury 

in surface water and fish tissue), it should be noted that fish tissue concentrations will not 

actually go down in lock step with sediment concentrations.  However this approach was used 

as another method of verifying the reasonableness of the TSCs to be used in developing 

remedial alternatives.   
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The calculated reach-specific BSAFs are provided in Table 8-2, along with the corresponding 

sediment concentrations that would correspond to an HQ of 1.  As shown on the table, the 

average sediment concentration calculated from the reaches where the HQ exceeds 1 

(Reaches 2, 3, 4, 6, 8, 9, and 10) is 1.5 ppm total mercury in sediment.  The average sediment 

concentration was also re-calculated for only the reservoir/impoundment reaches of the Sudbury 

River (reaches 3, 4, and 6), because these are the main depositional areas with the highest 

detected concentrations of mercury in sediment being evaluated for remedial action.  The 

average sediment concentration calculated for the reservoir/impoundment reaches was 3.0 

ppm.  On the basis of the above, EPA believes the TSCs used to develop remedial alternatives 

in this FS (2 and 10 ppm) are reasonable values to assess the effectiveness of different 

remedial alternatives in attaining the RAOs.  The BSAF memorandum is included in Appendix 

E. 

 

8.1 Remedial Alternative Estimated Areas and Volumes 

In general, the concentration of mercury in sediment decreases with increased distance from 

the former Nyanza site.  As previously discussed, the TSCs were selected to evaluate a wide 

range of active remedial alternatives.  Based upon these TSCs and sediment mercury 

concentrations reported in the SBERA, the extent of sediment requiring evaluation was 

identified and is depicted on Figure 8-1A, Figure 8-1B, Figure 8-1C, and Figure 8-1D.  Figure 8-

1A, depicts the portion of Reach 3 that would be included when evaluating remedial scenarios 

with total mercury concentrations above 10 ppm, although some isolated and/or deeper 

detections of mercury above 10 ppm have been observed beyond the limit of proposed 

remediation.  These infrequent occurrences are not anticipated to be driving risk at these other 

locations.   

 

Figures 8-1B through Figure 8-1D depict portions of Reaches 3, 4 and 6, respectively, that 

would be addressed employing a TSC of 2 ppm.  Due to the construction of the WASP model 

segments, simulations of remedial alternatives modeled to support this FS represent 

implementation within portions of the River that vary slightly from those depicted in Figures 8-1A 

through 8-1D.  These variations are discussed in further detail as applicable, and where 

appropriate, within the detailed and comparative analysis sections below.         
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With regard to remedial alternatives requiring the evaluation of mercury concentrations at depth 

(i.e., contaminant depth profiles for dredging alternatives), the data published in the Canadian 

Journal of Fishery and Aquatic Science documenting Sudbury River investigations conducted 

during the mid-1990s was used to supplement the more recent (post-2003) Nyanza data set 

and to estimate the depth of the contamination (Frazier, et al, 2000).  When data was not 

available for a specific reach, data from other reaches was used to estimate contaminated 

sediment depth, with consideration given to the hydrodynamic conditions and distance from the 

Nyanza site.  Table 8-3 summarizes the estimates of areas and volumes in each reach where 

remediation was evaluated to address exceedance of the TSCs in sediment.  Due to the limited 

availability of data to fully delineate the distribution of contamination, it is likely that the actual 

extent of treatment and/or sediment removal may vary from those estimated.  

 

Although there are isolated mercury concentrations in sediment in Reaches 2 and 5 in excess of 

2 ppm, the exceedances are located in deeper, more remote portions of the Sudbury River as 

compared to the bulk of contamination present in Reaches 3, 4 and 6.  Due to the low risk of 

exposure to and isolated nature of these exceedances, further active remediation was not 

considered for these areas.  This decision was based upon available data, which indicate that 

although two samples with elevated concentrations of mercury were documented in each reach 

(concentrations ranging between 2.4 ppm and 6.9 ppm) the human health HQ for Reach 5 did 

not exceed 1, and the number of sediment samples exceeding 2 ppm in Reach 2 was limited (2 

out of 11).  Similarly, Reaches 7, 9 and 10 were not included in the evaluation of active remedial 

alternatives as sediment concentrations do not exceed 2 ppm.  

 

During implementation, river access and staging areas would be required to support potential 

active remedial alternatives.  A preliminary evaluation of undeveloped areas that could 

potentially be used as access or support areas was performed by identifying open parcels of 

land from aerial photographs and a review of publicly available property ownership information.  

Figure 8-2A, Figure 8-2B, and Figure 8-2C show the locations of these areas and Table 8-4A, 

Table 8-4B, and Table 8-4C provide summaries of the acreage, notes on advantages and 

disadvantages of each of the areas, and identification of environmental areas of concern.  

Table 8-5 provides details regarding property ownership, size, and parcel identification that 

were collected during a review of public property records in the towns of Framingham and 

Ashland, Massachusetts.   
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9.0 GENERAL RESPONSE ACTIONS 

General Response Actions (GRAs) identified to address the unacceptable risks at the Site are 

directed at (1) preventing the ingestion of mercury-contaminated fish to the extent that such 

ingestion would result in an unacceptable risk (HI greater than 1.0) for an individual consuming  

fish; and (2) reducing mercury concentrations in the river sediments (except in Reach 8) that 

contribute to surface water mercury content, thereby reducing the mercury that is available for 

bioaccumulation in fish tissue and subsequent ingestion by humans.  The GRAs identified to 

attain the established RAOs are listed below:   

 

• No Action 

• Limited Action 

• Natural and Enhanced Recovery  

• Institutional Controls 

• In-Situ Containment 

• Sediment Removal 

• Ex-Situ Treatment 

• Ex-Situ Containment/Disposal 

• River Restoration 

• River Diversion 

 

An evaluation of the technologies and process options identified for each of these GRAs is 

discussed in the following section. 

 

10.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES  

The purpose of this section is to identify and screen technologies in accordance with the EPA 

RI/FS Guidance.  Screening is conducted based upon numerous factors related to physical and 

chemical characteristics of the Site that may affect the effectiveness and implementability of 

each technology.  Detailed descriptions of potentially applicable technologies and a preliminary 

screening of these technologies as incorporated into preliminary remedial alternatives are 

provided in the Remedial Alternative Screening Technical Memorandum dated February 9, 2009 

(Nobis, 2009).     

 

10.1 Summary of Retained Technologies 

The preliminary screening of technologies, including identification of those which were retained, 

is summarized in Table 10-1.  This table evaluates technologies with respect to 

implementability, effectiveness, and cost to reduce the number of technologies retained for 

further evaluation.     
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11.0 DEVELOPMENT AND SCREENING OF REMEDIAL ALTERNATIVES 

Fourteen alternatives were initially developed to address the RAOs for the Site.  These 

alternatives are summarized by reach in Table 11-1 and described in the following sections.  

Development of remedial alternatives for the Site employed a strategy that utilized combined 

GRAs and technologies to address the elevated risk to human health.   

 

The alternatives were also intended to represent a wide range of effectiveness, duration of time 

required to achieve RAOs and cost to implement, thus allowing for an initial screening to be 

made of the trade-offs between effectiveness and cost.  As discussed below, two alternatives 

were not carried through to the detailed analysis portion of the FS based on this initial 

screening.  The remaining alternatives were retained and are only briefly discussed below and 

are further discussed in the detailed analysis (Section 12).  A summary of the preliminary 

screening results for each alternative is provided as Table 11-2.   

 

11.1 No Action Remedial Alternative (Alternative 1) 

In accordance with the National Oil and Hazardous Substances Pollution Contingency Plan 

(NCP) and RI/FS Guidance, Alternative 1, a “No Action” Alternative is discussed, so as to 

provide a baseline that other alternatives can be compared to.  Under this alternative, it is 

assumed that no active treatment or monitoring would occur.  Any reduction in toxicity or volume 

of contaminants would occur as a result of natural processes.  The existing fishing advisories 

(banning consumption of fish from the river) and warning signs would presumably remain in 

place, but only for so long as MassDPH elected to continue these measures; there would be no 

federal cleanup plan to ensure this outcome.   

 

As required by the NCP, this alternative was retained for further analysis.  Further development 

and detailed analysis of the alternative and comparison to other retained alternatives are 

provided in Section 12 and Section 13.  

 

11.2 Limited Action Alternative (Alternative 2) 

A Limited Action alternative was developed, which would rely solely on institutional controls 

(ICs) as a means of reducing the risk to human health – primarily signs advising against fish 
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consumption.  MassDPH (and EPA as an interim measure during this remedial evaluation) have 

already posted signs which reflect the current fishing advisory; if these signs were not 

maintained or the fishing advisory were to be lifted, new advisories or other public outreach and 

education would need to be implemented as part of this alternative.  Under this scenario, no 

active remediation would be conducted.  Monitoring is not required (unlike in Alternative 3A) but 

could be conducted at any point to evaluate natural recovery and/or calculate risk to human 

health.  

 

This alternative was retained for further analysis.  Further development and detailed analysis of 

the alternative and comparison to other retained alternatives are provided in Section 12 and 

Section 13.   

   

11.3 Natural Recovery Alternatives (Alternative 3A, 3B, and 3C) 

Three variations of this alternative were developed.  Alternative 3A was developed to evaluate 

the effectiveness of Monitored Natural Recovery (MNR) at the Site in all reaches except Reach 

8.  This would involve monitoring over the long-term, to ensure that natural processes are 

effective in reducing the amount of mercury in fish tissue to a point where fish would eventually 

be safe for consumption in all reaches except Reach 8.  Reach 8 would also be monitored, but 

would not be expected to recover fully, for the reasons described above (i.e., its increased 

capacity to convert even low concentrations of mercury into methylmercury).   

 

Alternative 3B and 3C would be the similar to Alternative 3A, but with the addition of Enhanced 

Natural Recovery (ENR) via thin-layer sand capping in the most-contaminated portions of the 

river.  According to a recent study of other cleanup sites where this type of remedy was 

employed, surficial sediment concentrations were immediately reduced and appeared to be 

relatively constant following implementation (Environ and SSC Pacific, 2009).  This thin layer of 

sand would expedite the natural burial processes, effectively “enhancing” or speeding up the 

natural recovery process by which new, uncontaminated sediment builds up in the River.   

 

More specifically, in Alternative 3B, thin-layer capping with sand would occur within a portion of 

Reach 3 where the highest mercury sediment concentrations have been detected (i.e., above 

10 ppm).  Alternative 3C was developed to assess the effectiveness of thin-layer capping in 

portions of Reaches 3, 4 and 6 where total mercury concentrations are greater than 2 ppm.   
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ICs (i.e., a continuation of the existing fishing advisories and signs) would be considered for use 

in all reaches with all three variations of this alternative (namely 3A, 3B, and 3C).  If the existing 

fish advisories were to be lifted, new advisories or other public outreach and education would 

need to be implemented by EPA as part of these alternatives.   

 

These alternatives were retained for further analysis.  Further development and detailed 

analysis of the alternatives and comparison to other retained alternatives are provided in 

Section 12 and Section 13.  

 

11.4 In-Situ Containment Alternatives (Alternative 4A and 4B) 

Two variations of in-situ containment were developed.  These alternatives are different from the 

thin-layer sand capping alternative (Alternatives 3B and 3C) in that these provide containment 

and physical isolation of contaminants, whereas the thin-layer sand cap merely dilutes 

contaminated sediment.  

 

Alternative 4A consists of isolating mercury contaminants in sediment within Reach 3 only, while 

Alternative 4B was developed to evaluate isolating contaminated sediment in Reaches 3, 4 and 

6.  Both alternatives target containment of the contaminated sediments with total mercury 

concentrations greater than 2 ppm.  For the remaining reaches (except for Reach 8) these 

alternatives rely on MNR; however, within Reach 8 monitoring would be conducted without any 

expectation of attaining the risk-based PRG.  Just as in Alternatives 2 and 3, ICs would be relied 

upon to ensure protectiveness of human health until the PRG has been achieved (or indefinitely, 

in the case of Reach 8).  If existing fishing bans were lifted, new advisories and/or public 

outreach and education would need to be implemented by EPA as part of these alternatives. 

 

Per EPA guidance, a cap intending to provide isolation should serve three primary functions:  1) 

prevent direct exposure of receptors to the contaminated sediment with an isolating barrier; 2) 

minimization of erosion and the subsequent downstream migration of contaminated material; 

and 3) provide chemical isolation of contaminated sediment to reduce the potential for exposure 

to dissolved or colloidally-bound contaminants transferring from sediment to the water column 

(U.S. EPA, 2005).  During the screening of potentially applicable technologies, an innovative 

capping material (AquaBlok) was selected as the basis for evaluating in-situ containment; 
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however, numerous options for capping materials exist and would require more extensive 

research and development during the Remedial Design if in-situ containment were selected.  

 

These alternatives were retained for further analysis.  Further development and detailed 

analysis of the alternative and comparison to other retained alternatives are provided in Section 

12 and Section 13.  

 

11.5 Sediment Removal Alternatives (Alternative 5A, 5B, 5C, and 5D) 

Four variations of Alternative 5 were developed which employ sediment removal as a means of 

reducing elevated mercury concentrations.  Sediment removal was examined as both an 

independent technology and as a companion technology to be used in combination with in-situ 

containment.  Just as in Alternatives 3 and 4, long-term monitoring and ICs would be relied 

upon to ensure protectiveness of human health until the PRG has been achieved.  As described 

previously, it is unlikely the PRG will be achieved in Reach 8.  New fish advisories and/or public 

outreach and education by EPA would be required if existing ones were lifted.  Remedial 

alternatives utilizing sediment removal were designed to evaluate variations on treatment area 

and concentration reduction; these variations are described below:  

 

• Alternative 5A: sediment removal within Reach 3 where total mercury concentration in 

sediment exceeds 10 ppm inclusive of those areas of Reach 3 where the concentration 

is at depth. 

• Alternative 5B: sediment removal within Reach 3 where total mercury concentration in 

sediment exceeds 10 ppm and sediment containment (i.e., AquaBlok capping) within 

remainder of Reach 3 plus Reaches 4 and 6 where total mercury concentration in 

sediment exceeds 2 ppm. 

• Alternative 5C: sediment removal within Reach 3 where total mercury concentration in 

sediment exceeds 2 ppm. 

• Alternative 5D: sediment removal within Reaches 3, 4 and 6 where total mercury 

concentration in sediment exceeds 2 ppm. 

 

Both sediment removal as well as ancillary containment remedies are proven and widely used 

technologies for sediment remediation.  The role of sediment removal in these clean up 
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alternatives is to reduce contributions of mercury to surface water and thus to protect fish from 

historical Nyanza-related mercury present in sediment.  Wet dredging technology using 

patented Eddy Pump technology operated by Tornado Motion Technologies was selected for 

the evaluation of the four sediment removal alternatives. 

 

These alternatives were retained for further analysis.  Further development and detailed 

analysis of the alternatives and comparison to other retained alternatives are provided in 

Section 12 and Section 13.    

 

11.6 Sediment Removal and Wetland Restoration (Alternative 6) 

The RAO aimed at reducing sediment concentrations has an exception for Reach 8, as this is 

where mercury methylation occurs at a rate higher than in either the impounded or flowing 

reaches of the River.  Despite this exception, EPA developed and screened a cleanup 

alternative for Reach 8.  The WASP computer model confirms the difficulty of achieving a 

meaningful reduction in fish tissue concentrations in this reach using an active remedial 

approach.   

 

Reach 8 consists wholly of the GMNWR and is managed by the U.S. Fish and Wildlife Service 

(F&WS).  The hydrologic structure of the river within the refuge consists of two different 

components: the narrow Sudbury River channel, and the associated wetlands (floodplain), 

which can extend as much as one-third of a mile inland from the river channel edge.  During 

periods of high flow, at least a portion of these wetlands are completely inundated.  The wetland 

area is extensively vegetated with various types of plants and serves as the habitat for a diverse 

community of birds, fish, and other wildlife.  Variable habitat types exist within the wetlands 

including deep marsh, shallow marsh, shrub swamp, deciduous wood swamp and mixed wood 

swamp areas (refer to Figure 2-22 SBERA).  Current activities conducted by F&WS within the 

refuge include efforts to remove exotic plants and to manage water levels for the promotion of 

native plants and wildlife (U.S. Fish and Wildlife Services, August 2007). 

 

Similar to the other reaches, sediment capping (with sand and/or Aquablock) and sediment 

removal were considered; however, due to difficulties associated with maintaining a cap in a 

seasonally-flooded wetland, sediment removal (via dredging) was selected for evaluation while 

capping was not.  This is further supported by data indicating that the highest levels of mercury 
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were detected in the floodplain and not in the river channel, thus “dry” dredging techniques 

could be utilized.  

 

Sheet piling or earth dams would be required to isolate sediment targeted for removal.  Wetland 

sediment would be excavated using standard or long-reach excavation equipment staged on 

temporary access roads constructed within the wetland area.  Implementation of this alternative 

would most likely need to be performed during the winter months to facilitate better accessibility 

and to limit sediment resuspension.  As is the case for the sediment removal alternatives 

designed for upstream reaches, excavated material would be handled on-site and dewatered 

prior to off-site disposal.  Similar to the other active remedial alternatives being considered for 

implementation, monitoring and existing ICs would be relied upon to ensure protectiveness of 

human health until PRGs are achieved.  However, if existing fishing bans were lifted, new 

advisories and/or public outreach and education would be required. 

 

Based upon limited available analytical information (13 sediment samples from the main 

channel and 3 sample transects across the wetlands), the routinely flooded portion of the refuge 

(estimated to be 1,152 acres) was assumed to be contaminated with mercury to a depth of 20 

cm below the sediment surface.  In calculating the total volume of sediment that would be 

removed, the excavation depth was assumed to be 25 cm (to account for the precision 

limitations of the excavation equipment).  The total volume of the sediment is estimated to be 

approximately 1.5 million yd3

 

.  Information concerning sediment characteristics is currently not 

available.  However, for the purpose of this FS, based upon the stability of wetland sediment 

typically observed, it is assumed that the sediment is not sufficiently stable to support use of 

large equipment for excavation unless a support structure (e.g., crane mats) is in place.   

Specific activities listed below would be anticipated to constitute a dredging remedy for Reach 8: 

 

• Mobilization of personnel, equipment and materials to the Site, administrative activities 

necessary to secure easements for river access and preparation of planning documents, 

site preparation activities including set-up of temporary facilities, erection of 

staging/laydown areas, installation of erosion and sedimentation control measures and 

construction of access and haul roads;    
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• Installation of sheet piling (in areas with an elevated water level above the sediment 

surface) or earth dams (in areas with shallow or below sediment/soil surface water level) 

to hydraulically isolate individual work cells for dewatering and excavation;   

• In-situ dewatering of the work cells to lower the water table prior to excavation;    

• Proceeding from upstream to downstream, excavation of contaminated wetland 

sediment/soil using standard or long-reach excavators;   

• On-site dewatering of excavated materials using a settling basin, and/or mechanical 

means of dewatering if necessary, to achieve a suitable moisture content for off-site 

disposal;   

• Stockpiling and waste profile sampling for off-site disposal;   

• Transportation off-site for disposal;   

• Water treatment using a precipitation/coagulation process for water generated during the 

in-situ and on-site dewatering processes, to remove particulate and dissolved forms of 

mercury from water prior to discharge to the river, providing discharge limits are met;   

• Restoration of wetland areas impacted during remedial activities; and   

• Removal of temporary structures and restoration as needed prior to demobilizing 

personnel and equipment used for remedial activities.   

 

Staging areas would be required for sediment/soil stockpiling, water treatment, excavation 

equipment, and restoration and erosion control equipment and supplies.  Project planning 

should consider sequencing work activities such that smaller areas can be used for staging 

equipment and supplies on an as needed basis.  Additionally, multiple staging areas used along 

the length of the River would limit the need to re-handle and or transport materials along 

Reach 8.  Easements for properties in close vicinity of Reach 8 would be necessary.  

 

Landscape restoration, including revegetation, would be required for all areas excavated, or 

disturbed by support areas, hauling activities, and/or equipment/material staging.  The 

restoration effort would focus on reestablishing pre-remedial geomorphology and sediment 

conditions within the wetland area, replanting native vegetation, restoring significant ecological 

features to the extent possible (e.g.; hummocks, potholes, and debris fields), restoration of 

riverbank stability and maintenance of flood buffering capacity.  A large volume of clean 
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materials, including sand, pebbles, and loam, similar to that excavated from the site, would be 

needed to re-establish the sediment elevation for flood control and suitable environment for 

wetland recovery. 

 

Implementation of this alternative would also include the following site-wide activities: 

 

• Conducting subsequent Five-Year Reviews of effectiveness of the alternative within the 

impacted Reach(es);  

• Continued signage during and post remediation (as necessary) to warn anglers of the 

risks associated with fish consumption; and 

• Sampling and monitoring associated with MNR as presented in Alternative 3A. 

 

11.6.1 Screening Evaluation (Alternative 6)   

As a result of the preliminary screening, the following advantages of this alternative were found 

to include: 

 

• The technology is readily available and proven. 

• Mercury would be removed from the environment rather than left in place or covered 

with clean material.   

• Mercury concentrations in sediment would be reduced to less than 2 ppm, thus removing 

sediment with higher methylmercury production potential. 

 

The primary disadvantage of this alternative is that it would have a negligible effect on fish 

tissue concentrations, in absolute terms and also when considered in relation to the scale, 

complexity and cost of the operation (which has not been formally estimated, but is likely to be 

great, given the size of the area that would be subject to excavation).  Sediment removal using 

a dry excavation technique (with off-site disposal) would remove sediment with total mercury 

concentration greater than 2 ppm, and under this scenario it is projected by the model that fish 

tissue concentrations would decrease to 0.48 ppm (the PRG) after approximately 35 years.  By 

comparison, fish tissue concentrations are expected to go to 0.56 ppm over the same period if 

no action is taken at all.  The low level of effectiveness associated with this alternative is 
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attributable to the fact that the quantity of mercury in surface sediment in this part of the river is 

already low; reducing these concentrations further and in deeper sediments will not substantially 

change the concentration of mercury in fish, given ongoing atmospheric deposition and the 

superior capability of wetlands to methylate what little mercury is present.   

 

Accordingly, in light of the small size of the reduction in fish tissue concentration that could be 

achieved (even over a 30-year-plus horizon), and given the marginal nature of the risk to begin 

with (HI for adult and child of 0.7 and 1.3, respectively), this alternative was eliminated from 

further consideration and is not addressed in the detailed analysis portion of the FS.   

 

11.7 In-situ Electrochemical Oxidation Alternatives (Alternative 7A and 7B) 

Two alternatives were developed to employ in-situ treatment by electrochemical oxidation, an 

innovative technology that facilitates ion collection on an electrode for permanent removal.  Both 

of these alternatives were limited to treating sediment in Reach 3.  Alternative 7A would treat all 

sediments in Reach 3 that have total mercury exceeding 2 ppm, whereas Alternative 7B would 

treat only the sediments with total mercury concentrations exceeding 10 ppm.  

 

Both Alternatives 7A and 7B would include the installation of a series of electrode pairs (anode 

and cathode) in sediment.  A current would be passed through the electrode pairs in order to 

mobilize, and remove mercury through the induced complexation process.  Under an induced 

current, the mercury would migrate through the sediment toward the electrodes and be 

electrochemically plated on the electrodes.  

 

Both alternatives include: 

 

• Installation of rows of steel anode electrodes and graphite cathode electrodes in the 

sediment, approximately 1 to 3 feet below the water and sediment interface.  The 

cathode and anode electrodes would be spaced along the 8,500 linear feet of Reach 3.  

The electrodes would be installed using a vibratory hammer attached to a crane floating 

on a barge.  The spacing of the electrodes would need to be determined by a treatability 

study prior to full-scale remediation.  

• An electric current of approximately 0.2 KW to 3 KW would be applied to each electrode.  

The actual electrical current would need to be determined via the treatability study.  A 
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proprietary AC/DC converter would be installed between the 480 volt AC power supply 

and the electrodes.  A power source consisting of a three-phase 10-kilowatt generator or 

three-phase utility power would need to be accessed along to the edge of the Reach 3. 

• A series of staging areas would be constructed to allow easy access to launching of a 

barge and crane for the installation and staging of the electrode plates, and set up of the 

power supply.  The estimated area needed at each staging area would be approximately 

one quarter of an acre.  Staging areas would be cleared and grubbed as remediation 

progresses downstream.  Upon completion of remediation, the staging areas would be 

restored. 

• A traffic control plan would be developed and implemented to deal with increased truck 

traffic in residential areas due to off-loading of barge, equipment, electrodes, and power 

supply.  

• A treatability study would need to be performed to determine the effectiveness of the 

technology, the spacing of the electrodes, and the characterization of contamination 

deposited on electrodes for waste disposal.  The graphite electrodes would also need to 

be tested for conductivity in the sediments. 

• The spent electrodes and contaminated solids removed from the sediment would need 

to be characterized for transportation and disposal to an approved offsite facility. 

• Significant effort would be required for mobilization and demobilization of personnel and 

equipment because of the requirement for construction and restoration of multiple 

staging areas. 

• An ecological assessment of benthic in fauna and behavioral effects on sensitive fish 

would need to be performed. 

• Installation of signage and or fencing would be required to warn the public of potential 

risks associated with boating, fishing, swimming, etc. in the impacted waterways.  

 

Variations between the two alternatives are discussed in the following sections.  
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11.7.1 In-situ Electrochemical Oxidation for Sediments in Reach 3 with 
Mercury Concentrations Exceeding 10 ppm (Alternative 7A) 

This scenario involves the remediation of sediments with mercury concentrations greater than 

10 ppm in Reach 3:  

 

• The estimated depth, area, and volume of the greater than 10 ppm mercury levels in 

Reach 3 are estimated in Table 8-3. 

• Figure 8-1B shows estimated areas of sediment with mercury greater than 10 ppm in 

Reach 3.  

• Staging areas ST4 through ST11, as shown on Figure 8-2A would be utilized to 

remediate the sediment with mercury greater than 10 ppm in Reach 3. 

• Based on the cost estimate available in the Electrochemical Remediation Technologies 

(ECRTs) - In-situ Remediation of Contaminated Marine Sediments report, the cost to 

remediate one cubic yard of sediment was approximately $845.  The estimated cost to 

implement this scenario would be an estimated $82 million (U.S. EPA, 2007c).  

 

11.7.2 In-situ Electrochemical Oxidation for Sediments in Reach 3 with 
Mercury Concentrations Exceeding 2 ppm (Alternative 7B) 

This scenario involves the remediation of sediments with mercury concentrations greater than 2 

ppm in Reach 3 using in-situ electrochemical oxidation.  

 

• The estimated depth, area, and volume of the greater than 2 ppm mercury levels in 

Reach 3 are provided in Table 8-3.  

• Figure 8-1B shows estimated areas of sediment mercury greater than 2 ppm in Reach 3.  

• Staging areas ST1 through ST11 would be utilized to remediate the sediment with 

mercury greater than 2 ppm in Reach 3. 

• Based on the cost estimate available in the Electrochemical Remediation Technologies 

(ECRTs) - In-situ Remediation of Contaminated Marine Sediments report, the cost to 

remediate one cubic yard of sediment was approximately $845.  The estimated cost to 

implement this scenario would be an estimated $148 million (U.S. EPA, 2007c).  
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11.7.3 Screening Evaluation (Alternatives 7A and 7B) 

As shown on Table 11-2, these alternatives have not been retained for further development and 

analysis.  With respect to effectiveness, the principle behind the technology implies that it could 

be capable of capturing both inorganic mercury and methylmercury ions for permanent removal 

from the system.   

 

During the initial screening of technologies, a vendor offering this technology in the United 

States could not be located, indicating that supplies may not be readily available and on-site 

support would be difficult to obtain during implementation.  Additionally, research conducted 

subsequent to the initial screening of technologies could not validate the use of this technology 

at full-scale because it has not been sufficiently proven.  The cost to implement this type of 

technology would be as much as approximately $148 million based upon the limited amount of 

available literature.  

 

As a result of the preliminary screening of the alternative, the following advantages were found 

to include: 

 

• Use of an innovative technology to remove mercury from sediments with minimal 

disturbance. 

• Mercury would be removed from the environment. 

• Minimal disturbance and migration of the sediment. 

• Minimal trucks compared to capping or dredging alternatives. 

• Minimal laydown area compared to capping or dredging alternatives. 

 

The disadvantages of these alternatives include: 

 

• P-2 Soil Remediation, located in the Stuttgart, Germany is the only vendor of this 

technology.  Only one company in the United States with a license to use this technology 

has been identified.    

• Moderate uncertainty regarding this technology’s effectiveness.  A pilot study would be 

needed to determine if the low levels of mercury could be reduced below the TSC, to 
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ultimately reduce fish tissue methylmercury concentrations below the PRG, and to 

calibrate the electrical current to be applied the electrodes.  

• Graphite cathode electrodes would have to be tested for conductivity characteristics. 

• Installation of multiple electrodes and electrical leads may require temporary access 

restrictions with respect to use of the river and disruption of recreational activities. 

• Based on a review of aerial photography, it does not appear that the required 480 volt 

three-phase power source is located along the linear extent of Reach 3.  As a result, 

additional clearing, grubbing, and the extension of utility power or temporary generators 

would need to be conducted.  If generators are used, the noise pollution would need to 

be mitigated to minimize the disturbance to the community.  If utility power supply is 

used, the electricity may need to be calibrated or polished to confirm constant voltage 

and amperage. 

• There would be a possibility of cracking of insulation and corrosion of electric leads due 

to movement of water at rivers edge. 

• Post-remediation sediment confirmation sampling and analysis for mercury would be 

required to confirm that TSCs had been attained.  

• Characterization, transportation, and disposal impacted spent electrodes and 

contaminated solids to an approved offsite facility would be required. 

• There would be a possible of release of contaminants from electrodes as they are 

removed from sediment and river. 

• The absence of negative effects on benthic and pelagic species in the treatment area 

has not been confirmed by research.  

 

After review, the reliability of this technology to effectively remove mercury from the sediments 

was determined to be low, due primarily to the technology not being sufficiently proven or being 

readily available.  In light of this unreliability, the estimated costs of these alternatives are 

anticipated to be too high to justify implementation.  Therefore, these alternatives were 

eliminated from further consideration and are not addressed in the detailed analysis portion of 

the FS.   
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12.0 DETAILED ANALYSIS OF ALTERNATIVES 

This component of the FS further describes each alternative which was retained based on the 

initial screening (Section 11.0).  The detailed analysis was conducted in accordance with EPA 

RI/FS Guidance under CERCLA and the NCP, to provide adequate information for decision 

makers to select an appropriate remedy.  In this section, the nine criteria used by EPA to 

evaluate remedial alternatives are also described.  In the next section (Section 13), these 

remedial alternatives are evaluated with regards to their ability to meet each criterion relative to 

one another.   

 

As part of the evaluation of each alternative, the WASP computer model has been used to 

estimate how long it will take each alternative to achieve the PRG (i.e., a fish tissue 

concentration of 0.48 ppm).  The use of computer models is generally consistent with the RI/FS 

Guidance (USEPA, 1988), Sediment Remediation Guidance (USEPA, 2005), both of which 

recommend the use of computer models despite inherent uncertainties.  A greater discussion 

regarding the model’s uncertainty is included in the two technical papers issued by EPA ORD; 

these are also provided in Appendix C.     

 

Some of the uncertainties associated with the WASP computer model used in the evaluation of 

alternatives presented in this FS include:   

• A combination of literature-based values and site-specific data were used to fix certain 

parameters (e.g., on atmospheric and watershed loading, on methylation rates, on 

partitioning coefficients).  

• Assumptions were made regarding the effect of groundwater on the Sudbury River with 

respect to flow, magnitude and contaminant transport.     

• The precipitation data used to drive flow rates within the system was generated from a 2-

year record which, after review, was found to include two rainfall events equivalent to 5-

year and 10-year storms; these higher rainfall events were repeated and assumed to 

occur every 2 years   

• Even after calibration, there remains some variability between the observed data and 

predicted data  

In light of these uncertainties, actual results are almost certainly going to diverge from those 

predicted by the model.  However, EPA believes that it has done all that reasonably can be 
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done to build an effective model, and that there is no more accurate method of evaluating 

options to reduce fish tissue concentrations and gain insight to future conditions within the river.   

Results of the modeling effort are described below, in the detailed evaluation of each 

alternative.   

 

12.1 Detailed Evaluation Criteria 

Per the EPA NCP (40 CRF 300.430) and RI/FS Guidance, each of the alternatives undergoing 

detailed analysis must be evaluated against nine criteria developed to address the CERCLA 

requirements and additional technical and policy considerations that have proven to be 

important for selecting among remedial alternatives.  The nine criteria are:  

 

Threshold Criteria 
The two threshold criteria described below must

 

 be met in order for the alternatives to be 

eligible for selection in accordance with the NCP: 

• Overall protection of human health and the environment  

• Compliance with ARARs (described in Section 5.0)  

 

Primary Balancing Criteria 
The following five criteria are utilized to compare and evaluate the elements of the alternatives 

meeting the threshold criteria: 

 

• Long-term effectiveness and permanence 

• Reduction of toxicity, mobility or volume 

• Short-term effectiveness 

• Implementability 

• Cost  

 

Modifying Criteria 
The modifying criteria are used as the final evaluation of remedial alternatives, generally after 

EPA has received public comment on the FS and Proposed Plan: 
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• State acceptance  

• Community acceptance 

 

12.1.1 Overall Protection of Human Health and the Environment 

In general, this criterion incorporates the individual assessments of long-term/short-term 

effectiveness, permanence and compliance with ARARs to make a final and overall 

determination regarding the level of protection offered by each alternative for human health and 

the environment.  During this evaluation, risks posed to potential receptors are discussed 

relative to how they are controlled, mitigated and/or reduced by the mechanisms included under 

each alternative.  Unacceptable short-term or cross-media impacts are considered during this 

phase of evaluation. 

 

12.1.2 Compliance with ARARs 

In accordance with CERCLA Section 121, the ability of each alternative to meet Federal, State, 

and/or local regulations or criteria was evaluated for each alternative.  In cases where an ARAR 

is not anticipated to be met by a remedial alternative, the basis for justification via one of the six 

allowed waivers is discussed as necessary.  The six categories of waivers allowed under 

CERCLA are listed below:  

 

• Interim Measure 

• Greater Risk to Health and the Environment 

• Technical Impracticality 

• Equivalent Standard of Performance 

• Inconsistent Application of State Requirements 

• Fund Balancing 

 

All three types of ARARs have been evaluated (i.e., chemical-, location- and action-specific) and 

are included in Appendix D. 
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12.1.3 Long-term Effectiveness and Permanence 

The objective of this criterion is to ascertain the long-term effectiveness and permanence of a 

proposed remedy, along with the certainty that the proposed remedy will be successful.  In 

making this determination, EPA is required to consider the magnitude of residual risk following 

remedial action implementation, and the adequacy and reliability of control systems for dealing 

with untreated waste, such as containment systems and institutional controls.    

 

12.1.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 

This criterion evaluates proposed remedies in terms of the degree to which they involve a 

treatment that reduces toxicity, mobility or volume of contaminants.  Factors EPA is required to 

consider as part of this evaluation include whether the treatment is irreversible and the degree 

to which the treatment reduces the inherent hazards posed by contaminants.  Treatment 

technologies that significantly and permanently reduce the toxicity, mobility and/or volume of 

hazardous substances are generally preferred.  

 

12.1.5 Short-term Effectiveness 

The objective of this criterion is to examine the impacts to workers, the surrounding community 

and the environment during the implementation phase of remedial action.  In addition this 

criterion includes consideration of the amount of time before the remedy achieves 

protectiveness.   

 

12.1.6 Implementability 

Both technical and administrative feasibility of a remedial alternative are evaluated under the 

implementability criterion along with the availability of resources.  Aspects of technical feasibility 

that were evaluated include construction and operation difficulties and unknowns, reliability of 

the technology, ease of incorporating additional remedial components in the future, the ability to 

apply effective remedy monitoring and resulting risk in the event that monitors fail to detect a 

system failure.  Administrative feasibility was gauged based upon the degree of coordination 

required with other offices and agencies for each alternative.  Resources that were evaluated 

regarding availability included all materials, personnel, facilities (on- and off-site), technologies 

and services that would be required for alternative implementation.  
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12.1.7 Cost 

In accordance with the EPA RI/FS Guidance, costs were determined based upon the data 

available at the time of FS development and are intended to represent an approximation of 

+50% to -30% of the actual alternative cost, which are to be evaluated more closely during the 

Remedial Design/Remedial Action phases.  Both direct and indirect capital costs were 

evaluated in addition to operation and maintenance costs that would be required during and 

after remedial action implementation.  A Present Worth Analysis was used to provide a common 

base for comparing funding expenditure over multiple years.  As recommended in the RI/FS 

guidance, a discount rate of 7% was used to estimate the total cost of each remedial alternative 

that would be incurred as shown on the cost analysis tables.  

 
12.1.8 State Acceptance 

Following distribution of the FS and Proposed Plan and receipt of public comments, the 

concerns of the State are evaluated.  This criterion is evaluated separately from the FS and is 

completed after the public comment period.  

 

12.1.9 Community Acceptance 

Following presentation of the FS and Proposed Plan for remedial action, the concerns of the 

local community are evaluated.  This criterion is evaluated separately from the FS, once the 

public comment period is over.  These comments will be addressed in a responsiveness 

summary prepared as part of the Record of Decision. 

 

12.2 Alternative 1 – No Action (All Reaches) 

This alternative provides a baseline for comparison for the remaining alternatives, as it does not 

entail any monitoring or active remediation in any part of the River.  Under this alternative, no 

remedial technologies are employed to reduce the concentration of mercury in sediment and no 

change in risk to human health is expected except changes which can be attributed to naturally 

occurring processes and fish advisories or other ICs that other agencies may elect to maintain 

(existing advisories are described in the detailed description of Alternative 2, below).  Any 

reductions in human health risk would not be quantified via this option as analytical data would 
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not be collected.  The WASP model predicts an average percent reduction in fish tissue 

concentrations across all reaches of 7% over the next 30 years, based solely on naturally 

occurring processes.  This reduction is sufficient enough to attain PRGs in all modeled reaches 

within this 30-year timeframe, except for Reaches 3 and 8, where concentrations are projected 

to be 0.52 ppm and 0.56 ppm, respectively.  (The model’s predicted fish tissue concentrations 

are shown in Figure 12-1; these “natural recovery” predictions would apply to Alternatives 1, 2 

and 3A, since none of these alternatives involves any active treatment or enhancement of 

natural processes.)  The observation that concentrations in Reach 8 would not significantly 

attenuate is consistent with the CSM, which provides that increased rates of mercury 

methylation within wetlands are at least partially attributable to the greater bio-availability of 

mercury in this reach.  The negligible costs associated with this remedial alternative are not 

shown.  

 

12.3 Alternative 2 – Limited Action (All Reaches) 

Alternative 2 is the same as the no action alternative, except EPA would ensure the continuation 

of fishing advisories and warning signs (or implement advisories and warning signs where 

absent), and would perform other community outreach to discourage improper consumption of 

contaminated fish.  Currently multiple advisories pertaining to the Sudbury River have been 

issued by MassDPH. The first, a State-wide advisory, recommends that fish not be consumed 

by children and women who are pregnant or may become pregnant; this is due to the statewide 

distribution of mercury from atmospheric (non-point) sources. There is also a Sudbury River-

specific advisory that warns against the consumption of any fish caught from the Sudbury River 

by all segments of the population.  To institute a Limited Action alternative, EPA would 

coordinate with state and local agencies to ensure posting of the most appropriate advisory.  If 

the existing advisories were to be lifted and a risk remained from consumption of mercury-

contaminated fish from Nyanza-related mercury, new advisories and/or continued public 

outreach and education would be required.  

 

To enhance the effectiveness of these advisories, EPA would undertake public outreach, 

education, and posting and maintenance of signs to try to ensure that information is received by 

the target fishing population.  The estimated time required to establish revised ICs under this 

alternative is one year; however the time required to maintain signage and conduct public 

outreach and education to ensure the protectiveness of human health is indefinite.   As with the 
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no-action alternative, EPA’s computer model projects that PRGs would be achieved within 30 

years in all modeled reaches except for Reach 3 and Reach 8 due to natural recovery 

processes.  However, as in the no-action alternative, there would be no monitoring to verify this 

recovery.  Refer to Figure 12-1.   

 

The costs shown on Table 12-1 primarily include the effort to periodically evaluate the current 

advisory, discuss with MassDPH, design, fabricate and install signs, and facilitate other public 

outreach and education activities.  The total estimated cost associated with the Alternative 2 

scenario is $190,000.   The estimated time required to implement this alternative is 2 years. 

 

12.4 Alternative 3 – Natural Recovery 

12.4.1 Alternative 3A – Monitored Natural Recovery (MNR) 

Alternative 3A contemplates MNR for most reaches, except that in Reach 8 monitoring would 

occur without an expectation that natural attenuation will lead to an acceptable level of mercury 

in fish.  In addition, the institutional control program described in Alternative 2 would be 

implemented in each reach as part of this alternative until PRGs were achieved.    

 

Under the MNR alternative, naturally-occurring processes, such as the deposition of clean 

sediment, are monitored to evaluate the recovery of the system.  Similar to the analyses above 

for Alternatives 1 and 2, the model-predicted rate of natural recovery is variable from reach to 

reach.  Under Alternative 3A monitoring would be implemented to evaluate natural recovery 

processes.  Analytical results would provide a means for quantifying the change in risk posed to 

human health over time.  Primary components of monitoring under this alternative are provided 

below: 

• Sediment Monitoring – Periodic sediment sampling and analysis for mercury and MeHg 

would be performed every 5 years;   

• Surface Water Monitoring – Periodic surface water sampling and analysis for total and 

filtered mercury and MeHg would be performed every 5 years;    

• Fish Tissue Monitoring – Periodic (every 5 years) single-species fish tissue sampling 

would be performed to evaluate changes in fish tissue concentrations over time.  

Additionally, every 10 years, tri-species sampling would be performed to recalculate the 

risk to Human Health and to evaluate changes over time would be performed; and   
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• Five-Year Reviews would be performed to monitor the effectiveness of the remedy.  

 

A Proposed Monitoring Plan is included as Appendix F as a companion document to this FS; it 

describes the monitoring to be performed as part of this alternative (and as part of all the 

alternatives below, each of which would employ a similar monitoring program).  This Monitoring 

Plan recommends that monitoring continue for up to 30 years or until the PRG is attained.  The 

Monitoring Plan also includes a requirement to check that current fish advisories remain in place 

and to maintain fish advisory signs and notices.  As with Alternative 2, new fish advisories 

and/or public outreach and education would be required if current bans were lifted and a risk 

remained from Nyanza-related mercury.  The modeling results for the no-action and limited 

action alternatives would also apply to this alternative.  Refer to Figure 12-1.   

 

Detailed costs associated with monitoring that would be conducted under the Alternative 3A 

scenario are provided on Table 12-2.  The total estimated cost associated with the Alternative 

3A scenario is $1,070,000.  The estimated time required to implement this alternative is 2 years. 

 

 

12.4.2 Alternative 3B – Enhanced Natural Recovery of Sediment with 
Mercury > 10 ppm (Reach 3) and Monitored Natural Recovery 

Alternative 3B has the same components (e.g., MNR and ICs) as Alternative 3A, except that 

Enhanced Natural Recovery (ENR) would also be performed in the most-contaminated portion 

of Reach 3.  That is, a thin-layer (6 inches) of sand would be placed over the sediment in Reach 

3 with mercury concentrations greater than 10 ppm, to “enhance” natural recovery processes 

and decrease the concentration of mercury in the biologically active zone.  The observed natural 

burial rate for Reach 3 is approximately 0.04 cm/yr (Frazier et al., 2000).  Based this 

depositional rate, the addition of 6 inches of clean sand in Reach 3 is equivalent to over 400 

years of natural recovery via sedimentation.   

 

The implementation of ENR in Reach 3 would include the following major activities: 

• Coordination between federal, state and local agencies to complete remedial design;   

• Mobilization of equipment and personnel to perform construction activities; 
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• Implementation of Site preparation activities pertaining to erosion control both overland 

and within the River, site facilities erection, access/haul road construction, staging area 

construction, mobilization of capping materials, and a terrain survey of existing 

conditions prior to remedial action;   

• Placement of capping materials per design specifications (6 inches of sand) over 

approximately 84 acres of sediment in Reach 3 with mercury concentrations exceeding 

10 ppm;  

• Restoration as needed along the riverbanks including grading, slope stabilization and 

reestablishment of vegetation.  Restoration of original grade and native vegetation will 

also be required for all areas disturbed for haul/access roads and staging areas.   

• Estimated time required to implement this alternative (i.e., thin-layer capping) is 3 years 

inclusive of the Remedial Design and site restoration phase;  

• Monitoring as described in Alternative 3A;  

• Signs, public outreach and other institutional controls as described in Alternative 2; and  

• Completion of Five-Year Reviews to monitor the effectiveness of the remedy.  

 

According to the WASP computer model, implementation of ENR under this alternative may 

achieve a reduction in fish tissue concentrations of up to 15% in as few as 10 years following 

placement of the thin sand layer; this is an improvement over the results predicted for 

Alternatives 1, 2 and 3A.  This alternative is expected to reduce fish tissue concentrations to 

0.47 ppm within Reach 3, which is below the PRG of 0.48 ppm and also below the projections 

for natural recovery of 0.52 ppm.  The effect of using ENR was also projected to propagate 

downstream, resulting in modest reductions in most other reaches.  The predicted fish tissue 

concentrations are shown in Figure 12-2.   

 

As discussed previously (Section 12.0) and despite effort to reduce sources of uncertainty 

regarding the computer model, the model-predicted results should be viewed as an 

approximation.  Thus, even a slight variance between actual and predicted results could amount 

to a significant difference in the amount of time needed to achieve the PRG not only in Reach 3 

(where the model predicts a fish tissue concentration only very slightly below the PRG), but in 

all reaches.  Other activities that could increase the effectiveness of this alternative include the 

completion (i.e., during remedial design) of hydrological investigations described in the 
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Monitoring Plan (Appendix F).  These investigations would include measurement of 

groundwater flux to/from the Sudbury River, grain size analysis, and additional flow and velocity 

measurements.    

 

Detailed costs associated with remedial action that would be implemented under the Alternative 

3B scenario are provided on Table 12-3.  The total estimated cost for active remediation under 

the Alternative 3B scenario is $8,450,000.  Costs to implement ENR are greater than the cost 

for the MNR alternative (3A), but a fraction of the costs for in-situ containment and removal 

alternatives discussed in the following sections (Alternatives 4 and 5).    

 

12.4.3 Alternative 3C – Enhanced Natural Recovery of Sediment with 
Mercury > 2 ppm (Reaches 3, 4, and 6) and Monitored Natural 
Recovery 

Alternative 3C is similar to Alternative 3B, except that the areal extent of capping would be 

much greater.  Alternative 3C contemplates placement of a thin layer (6-inches) of sand over 

sediments with mercury concentrations greater than 2 ppm; this includes Reach 3 and portions 

of Reach 4 and 6.  Based upon the observed burial rates for Reach 3 and Reach 4, 

approximately 0.04 cm/yr and 0.07, respectively (Frazier et al., 2000), the addition of 6 inches of 

clean sand (approximately 15 cm) would be equivalent to almost 400 years of natural 

accumulation in Reach 3 and over 200 years of natural accumulation in Reach 4.  Although an 

observed burial rate for Reach 6 was not available, the model-predicted rate of burial was 0.1 

cm/yr after calibration, which would indicate a simulated recovery via sedimentation of 150 

years with the addition of a thin-layer sand cap.  

 

In addition to the sampling and monitoring tasks described for Alternative 3A and major 

construction activities described for Alternative 3B, implementation of Alternative 3C would 

include: 

• Placement of capping materials over approximately 110 acres in Reach 3, 86 acres in 

Reach 4 and 27 acres in Reach 6 where mercury concentrations exceed 2 ppm.  

• Estimated time required to implement this alternative is 4 years inclusive of the Remedial 

Design and site restoration phase. 
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Detailed costs associated with remedial action that would be implemented under the Alternative 

3C scenario are provided on Table 12-4.   

 

The WASP model results indicate that Alternative 3C may be able to attain lower fish tissue 

MeHg concentrations compared to the results predicted for natural recovery alone (Alternative 

1, 2 or 3A).  Alternative 3C also projects to reduce fish tissue concentrations more than 

Alternative 3B, insofar as Alternative 3C contemplates active remediation (e.g., thin layer 

capping) over a larger area.  In Reach 3, fish tissue concentrations are expected to decrease to 

0.43 ppm, versus 0.47 ppm under Alternative 3B and 0.52 ppm under Alternative 3A (MNR).  

The benefits of thin layer capping under this alternative were also projected to propagate 

downstream, resulting in modest reductions in most other reaches.  Refer to Figure 12-3 for 

details.   

 

Similar to Alternative 3B, hydrological investigations (groundwater flow, grain size, flow and 

velocity measurements) would be warranted as part of the remedial design and before the start 

of remedial action.  Furthermore, under this alternative, it is possible that some sediment 

removal in Reach 6 would be required in lieu of depositing the thin sand layer, because the river 

is so shallow in portions of this reach that the thin sand layer might disrupt aquatic habitat or 

diminish flood storage capacity.  This issue would have to be evaluated during the Remedial 

Design phase.   

 

The total estimated cost for the implementation of Alternative 3C is $20,820,000.  This is more 

expensive than Alternative 3A or 3B, but is less than the costs for in-situ containment and 

removal alternatives discussed in the following sections.   

 

12.5 Alternative 4 – In-situ Containment 

These active remedial alternatives involve placement of an isolation cap to provide in-situ 

containment of contaminated sediments with mercury concentrations greater than 2 ppm.  

Unlike the thin layer sand capping in Alternatives 3B and 3C, use of in-situ containment 

technologies provides a distinct physical barrier that is intended to eliminate migration of 

Nyanza-related mercury present in sediment.  Under these alternatives, in-situ containment is 

contemplated for Reaches 3, 4 and 6 to varying degrees while ICs and MNR are relied upon for 

the remaining portions of the River, except that Reach 8 is monitored without expectation of 
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significant improvement, as in the preceding alternatives.  Two variations of in-situ containment, 

Alternatives 4A and 4B, have been developed to evaluate the effectiveness of this technology 

within different areas of the Sudbury River.   

 

The degree of isolation, both chemical and physical, depends on the material selected for 

capping.  This is an issue that would have to be resolved during Remedial Design. However, 

preliminary investigation into appropriate capping materials conducting during the technology 

screening indicated that a clay/polymer cap, such as that provided by AquaBlok, may be 

suitable.  While application of a sand cap generally results in a saturated hydraulic conductivity 

of 10-3 to 10-4 cm/s, use of a clay/polymer cap can further decrease the saturated hydraulic 

conductivity to 10-7 to 10-8 

 

cm/s and thus provide better isolation of contaminated sediments 

(U.S. EPA, 2007b).  Additional chemical isolation is provided by a clay/polymer cap as the 

partitioning coefficient of the clay/polymer material is approximately 2 orders of magnitude 

greater than that of sand due to the increase in surface area available for binding particulates 

(Allison, 2005).  

A review of available literature regarding design and installation of clay/polymer-based cap such 

as AquaBlok indicates that the cap may need to be no more than 5 to 6 inches thick and may be 

used without other surface amendments as the material’s inherent properties provide a suitable 

habitat for recolonization by the benthic community.  However, at other sites, a sand layer was 

placed above the AquaBlok to assist with the recolonization of the benthic community.  During 

design, the optimum thickness of the cap and the need for addition of a sand layer for erosion 

stability, healthy benthic colonization, and/or increased sorbent capacity would be evaluated.  

 

As with the ENR alternatives (Alternatives 3B and 3C), hydrologic investigations should be 

conducted during remedial design, prior to the implementation of any in-situ containment 

remedial alternatives.   

 

The primary components of remediation for the two in-situ containment alternatives are similar 

to ENR Alternatives 3B and 3C, with the following exceptions: 

 

• The cap would have to be manufactured on-site;  

• Long-term monitoring which would include performance testing of the cap (e.g., boring 

for ecological and contaminant testing); and,   



NH-2423-2010-F 61 Nobis Engineering, Inc. 

• The cap would have a spatial coverage similar to Alternative 3C:  

o 110 acres – Reach 3 

o 86 acres – Reach 4 

o 27 acres – Reach 6  

 

12.5.1 Alternative 4A – In-situ Containment of Sediment with Mercury > 2 
ppm (Reach 3) and Monitored Natural Recovery 

The estimated spatial coverage of the cap required to meet the objective of this alternative in 

Reach 3 is 110 acres.  Figure 8-1B has been provided to delineate the area that will require 

capping under selection of this alternative.  Additionally, potential staging areas have been 

identified from aerial maps (see Figure 8-2A).   

 

The WASP model results indicate that Alternative 4A may be able to lower fish tissue 

methylmercury concentrations.  Within Reach 3, fish tissue concentrations are expected to be 

reduced to 0.43 ppm, compared to 0.52 ppm under the natural recovery scenario.  Downstream 

effects were projected to result in reductions in Reaches 4, 5, 6 and 7, bringing fish tissue 

concentrations below the PRG in these reaches.  Reach 8 exhibited no change immediately 

following remediation, but a modest reduction was predicted over the duration of the model (to 

0.53 ppm, compared to 0.56 ppm under the natural recovery scenario).  Refer to Figure 12-4.   

 

As described previously, the WASP model has certain inherent uncertainties.  In regard to the 

in-situ containment alternatives (4A and 4B), the AquaBlok material was modeled as having no 

re-suspension.  This is based on the cohesive properties of the AquaBlok material and is a 

reasonable assumption.  However, subsequent sedimentation (i.e., organic matter) which may 

accumulate on the cap was also assumed to not re-suspend; this was due to a limited number 

of “solid types” allowed in the model.  This assumption means that, in the model, any new 

mercury (form either upstream sources or non-point sources such as watershed run-off) would 

also not re-suspend.  For this reason, the model may over-predict the reduction in surface water 

concentrations and thus the effectiveness of this alternative.   

 

Table 12-5 has been provided to detail the costs associated with implementation of Alternative 

4A.  The total estimated cost for active remediation under Alternative 4A is $24,310,000.   
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Estimated time required to implement this alternative is 3 years inclusive of the Remedial 

Design and site restoration phase. 

  

12.5.2 Alternative 4B – In-situ Containment of Sediment with Mercury > 2 
ppm (Reaches 3, 4, and 6) and Monitored Natural Recovery 

Alternative 4B differs from Alternative 4A in that it includes capping within Reach 4 (86 acres) 

and Reach 6 (27 acres) for sediments with mercury concentration greater than 2 ppm.  As 

previously discussed, this significantly affects the cost of this remedial alternative.  However, the 

additional capping activities would provide a greater reduction in risk as the spatial coverage of 

the cap would be greater.     

 

Figures 8-1B, 8-1C and 8-1D have been provided to delineate the area that would require 

capping under selection of this alternative.  Additionally, potential staging areas have been 

identified from aerial maps (see Figure 8-2A through Figure 8-2C).   

 

The WASP model results for Alternative 4B indicate that it may be able to attain further 

reductions in fish tissue methylmercury concentrations as compared to the results predicted for 

natural recovery over the duration of the model simulation.  Within Reaches 3, 4 and 6, this 

alternative is projected to achieve fish tissue concentrations of 0.43 ppm, 0.15 ppm and 0.30 

ppm respectively.  Reach 8 exhibited no change immediately following remediation, but over the 

duration of the model (i.e. 30 years) a reduction to 0.5 ppm was predicted (near the PRG, and 

somewhat lower than the 0.56 ppm predicted under the natural recovery).  Refer to Figure 12-5.   

 

Table 12-6 has been provided to detail the costs associated with implementation of Alternative 

4B.  The total estimated cost for active remediation under Alternative 4B is $48,910,000. 

 

There are some additional considerations specific to Alternative 4B that would need to be 

considered during Remedial Design:  

 

• The existing elevation of the riverbed in Reach 6 (i.e., upstream of the Saxonville dam) 

cannot be significantly raised due to the low-flow conditions that seasonally exist.  

Therefore, dredging may be required prior to cap placement to maintain the current 
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riverbed elevation.  The methods and implications of using dredging as a remedial 

component would be similar to those described for Alternative 5 below.   

• Estimated time required to implement this alternative is 4 years inclusive of the Remedial 

Design and site restoration phase (and once access agreements are obtained). 

• Restoration of the riverbed and banks would be required to provide suitable habitat 

(riffle/pools) for sediment and water body dwelling organisms.  Some re-planting of the 

native aquatic vegetation may be required; however, the two dominant native species of 

water lilies (Nuphar and Nymphaea, spp.) are likely to recover naturally.  Additionally, 

the vegetation adjacent to Reach 6 is denser than that of Reach 3 or Reach 4, therefore 

all haul road and staging areas would require extensive clearing and preparation 

followed by restoration similar to that described under the Alternative 4A scenario.  

 

12.6 Alternative 5 – Sediment Removal and Sediment Removal with In-Situ 
Containment  

Alternative 5 was developed to analyze sediment removal as the primary means of active 

remediation within Reaches 3, 4, and/or 6.  Variations of Alternative 5 have been developed to 

examine a wide range of spatial areas and/or concentrations that could be addressed, including 

one approach that combines both removal and containment.  Institutional controls and MNR 

would also be components of each of these Alternatives; Reach 8 would be monitored without 

any expectation of reducing mercury levels in fish to below the PRG.    

 

As indicated previously, various methods of sediment removal were evaluated during the 

technology screening portion of the FS.  As a result, wet dredging via the Eddy Pump, operated 

by Tornado Motion Technologies, was selected as the representative technology to evaluate.  

The use of this dredging process has many advantages in comparison to other technologies 

and processes.  Key features of the Eddy Pump technology that other sediment removal 

processes may not possess include: 

 

• Minimum particle resuspension, which would eliminate the need for silt curtains during 

slow current conditions (pending turbidity testing while using the technology),  

notwithstanding EPA best management practices which dictate the need for silt curtains 

around the dredge.  
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• Good control of sediment thickness removed and minimal residual contamination 

utilizing a real-time kinetic global positioning system (RTK GPS) with the ability to 

pinpoint the position of the pump on the riverbed within 5 cm both horizontally and 

vertically.  

• Applicability under restricting Site conditions (e.g. working under limited site access with 

capability to transfer slurry up to 15,000 ft from a floating barge using an extensive 

pipeline, wide range of water depth from 1 to 100 ft). 

• Capability of pulling sediment at a rate of 350 cy/hr (Eddy Pump, 2009). 

 

Once removed from the riverbed, the slurry mixture would be piped to an on-site treatment 

facility for solid and water separation.  Following dewatering, sediment would be collected, 

characterized, stabilized (if needed), and transported off-site for disposal at an approved facility.  

Toxicity Characteristic Leaching Procedure (TCLP) and possibly Synthetic Precipitation 

Leaching Procedure (SPLP) testing may be necessary to determine if the removed sediment 

meets hazardous waste criteria (mercury TCLP criterion of 0.2 ppm) and would affect selection 

of disposal facilities.  At the time of FS development, current TCLP and SPLP data was not 

available for review.  Based upon the conservative “20 Times Rule” used to correlate total to 

leachable metal concentrations, sediment exceeding 4 ppm may potentially be hazardous and, 

in the absence of stabilization, may require off site disposal at a hazardous waste facility.    For 

purposes of cost estimating, it was assumed that sediment would be stabilized on site and 

therefore would not require disposal at a hazardous waste facility.  Estimated percentages of 

the total volume of sediment proposed for removal under each alternative, and that would 

require stabilization prior to off-site disposal, are provided below, in Sections 12.6.1 through 

Section 12.6.4. 

 

Process water would require treatment on site to remove excessive dissolved and particulate 

mercury using one or more potential technologies such as precipitation/coagulation, adsorption, 

ion exchange and/or membrane filtration.  Precipitation/coagulation using a ferric salt is 

anticipated to be suitable for treating the mercury in slurry water due to its effectiveness at 

removing both inorganic and organic mercury and due to the fact that it can handle wastewater 

with high content of suspended particles at relatively low cost.  Following treatment, the water 

would be discharged back to the river providing it meets applicable discharge criteria.  Prior to 

application, a treatability study would be required to determine effectiveness of coagulants, 
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system design, and operating parameters for a precipitation/coagulation process for generated 

wastewater. 

 

Extensive site restoration would be required following sediment removal to minimize the 

adverse impact to the ecological community in the remediated areas.  Restoration effort in 

Reaches 3 and 4 would focus on mimicking the geomorphology and structural features of the 

riverbed, restoring and reconstructing damaged ecological features, and maintaining riverbank 

stability.  Additional restoration efforts would be required in Reach 6 to reestablish the destroyed 

fish habitats and maintain river bank stability to the extent possible due to the shallow depth of 

water in this reach.  Processes for improving substrate conditions, armoring, pool/riffle 

construction, and aquatic cover construction would be applied when necessary.   

 

The WASP model assumed that some contaminated sediment would be re-suspended during 

dredging, to simulate potential sediment transport downstream during dredging.  However, 

engineering controls (i.e., silt curtains) could be used to provide additional protection against 

downstream migration of contaminated sediment.  Additionally, the WASP model simulations for 

Alternatives 5A and 5B simulated dredging in a portion of Reach 3 slightly greater than that 

represented in Figure 8-1A.  Therefore some of the model predictions for sediment 

resuspension may be biased high.   

 

Implementation of each scenario under Alternative 5 would include the following common 

elements: 

• Mobilizing personnel and equipment for dredging and dewatering; 

• Site preparation including clearing, grubbing, installation of erosion and sedimentation 

control measures, construction of haul/access roads within the work area and 

preparation of multiple staging areas required for both personnel and equipment along 

the length of the Sudbury River to be addressed; 

• Developing and implementing a Traffic Control Plan to deal with increased truck traffic  

in residential areas due to sediment removal; 

• Performing a treatability study to determine the effectiveness of water treatment, 

sediment treatment, system design and operating parameters; 
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• Construction of pipelines (slurry may be moved approximately 5,000 linear feet per 

pump) to transport slurry to the water treatment facility; 

• Designing and constructing a treatment facility capable of dewatering the slurry, 

compacting contaminated sediment, and loading material for transport to an approved 

facility, and treatment and discharge of the process water; 

• Dredging the contaminated sediment using the Eddy Pump technology, estimated 

depths in Table 8-3 are increased by 5 cm due to the technology’s precision limit (Eddy 

Pump 2009); 

• Confirmation sampling during sediment dredging to confirm attainment of TSCs and 

characterization sampling of removed sediment for off-site disposal; 

• Transporting impacted sediment to an approved off-site facility for disposal as non-

hazardous waste (after on site stabilization).  Disposal of stabilized sediment was 

assumed to be able to meet either Subtitle D landfill criteria or landfill daily cover criteria; 

• Demobilizing personnel and equipment used for dredging and dewatering tasks after 

decontamination procedures;  

• Implementing regular ecological assessments of fauna in the impacted reach(es); 

• Coordination with federal, state and local agencies to design and initiate sediment, 

surface water and fish tissue monitoring over the following 30 years;   

• Completion of 5-year reviews to monitor the effectiveness of the remedy; 

• Implementation of additional ICs, as needed, to protect the cap under Alternative 5B;  

• Restoration of destroyed fish habitat with similar fill, as necessary; and 

• Restoration of disturbed areas to the extent possible. 

 

Variations offered by each scenario developed for Alternative 5 are discussed below.   

 

12.6.1 Alternative 5A – Removal of Sediment with Mercury > 10 ppm 
(Reach 3) and Monitored Natural Recovery 

Alternative 5A contemplates the removal of sediments with mercury exceeding 10 ppm.  Only a 

portion of Reach 3 would be affected as there are no concentrations of mercury greater than 10 
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in any other reach.  Figure 8-1A shows the areas of Reach 3 where sediment mercury 

concentrations are known to exceed 10 ppm.  The estimated acreage that would be disturbed is 

84 acres.   

 

Alternative 5A is based on the assumptions listed below: 

• The depth of contaminated sediment with concentrations exceeding 10 ppm mercury in 

Reach 3 is estimated to be 20 cm (Frazier et al, 2000). 

• The estimated volume of sediment to be removed is approximately 111,155 cy (this 

accounts for over-dredging by 5 cm beyond depth of contamination due to mechanical 

limitations of precision noted in Section 12.6). 

• It is assumed that a staging/support area could be constructed and that dredging 

equipment could access necessary portions of Reach 3 from these staging areas.  

• Estimated time required to implement this alternative is 3 years inclusive of the Remedial 

Design and site restoration phase (once access agreements are obtained). 

 

The WASP model results indicate that Alternative 5A may be able to attain significant reductions 

in fish tissue methylmercury concentrations.  Within Reach 3, Alternative 5A is expected to 

reduce fish tissue concentrations to 0.45 ppm.  There are also some reductions in fish tissue 

concentrations in downstream reaches, including modest reductions in Reach 8 (to 0.52 ppm).  

These reductions are depicted in Figure 12-6.   

 

Table 12-7 provides details regarding the costs associated with implementation of Alternative 

5A.  The total estimated cost associated with the Alternative 5A scenario is $59,707,000.  

 

12.6.2 Alternative 5B – Removal of Sediment with Mercury > 10 ppm 
(Reach 3) and In-Situ Containment of Sediment with Mercury > 2 
ppm (Reaches 3, 4 and 6) and Monitored Natural Recovery 

This removal alternative involves the removal of sediments with mercury concentrations 

exceeding 10 ppm in Reach 3, with in-situ containment through capping in portions of Reaches 

3, 4, and 6 where mercury concentrations exceed 2 ppm (including the dredged area of Reach 3 

to mitigate the effect of dredge residuals).  The estimated acreage that would be disturbed is 
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110 acres in Reach 3, 86 acres in Reach 4, and 27 acres of Reach 6.  These areas are depicted 

on Figures 8-1A, 8-1B, 8-1C and 8-1D.     

 

Potential staging areas have been identified from aerial maps (see Figure 8-2A through 

Figure 8-2C).     

 

Alternative 5B was developed based on the following assumptions: 

 

• The depth of contaminated sediment with mercury concentrations exceeding 10 ppm in 

Reach 3 is estimated to be 20 cm (Frazier et al, 2000). 

• As shown in Table 8-3, the estimated area of Reach 3 where contamination in sediment 

exceeds 10 ppm is approximately 84 acres. 

• The estimated volume to be removed is 111,155 cy (accounts for over-dredging by 5 cm 

beyond depth of contamination due to mechanical limitations of precision noted in 

Section 12.6). 

• The estimated total area to be capped would be equal to Alternative 3C (approximately 

220 acres).  

• It is assumed that a staging/support area could be constructed and that dredging 

equipment could access all necessary sections of Reach 3 from these staging areas. 

• It is assumed that additional staging areas could be constructed at potential staging 

areas ST5, ST15, and ST20  (Figure 8-2A, Figure 8-2B, and Figure 8-2C) for storage of 

additional equipment.   

• Estimated time required to implement this alternative is 4 years inclusive of the Remedial 

Design and site restoration phase (once access agreements are obtained). 

 

The WASP model results for this effort indicate that Alternative 5B may be able to attain 

significant reductions in fish tissue methylmercury concentrations.  As shown in Figure 12-7, 

Alternative 5B is expected to reduce fish tissue concentrations to 0.43 ppm in Reach 3, 0.15 

ppm in Reach 4, and 0.30 ppm in Reach 6.  A reduction in fish tissue concentration was 

projected to propagate downstream, except for Reach 8, where fish tissue concentrations are 

expected (from the 0.56 ppm expected under baseline conditions to 0.58 ppm) immediately 
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following remediation due to sediment re-suspension and subsequent transport downstream.  

This increase in Reach 8 is most likely attributable to intrusive activities in Reach 6.  

 

Table 12-8 provides details regarding the costs associated with implementation of Alternative 

5A.  The total estimated cost associated with the Alternative 5B scenario is $88,511,000.  As 

with Alternatives 3C and 4B, it is possible additional sediment removal would be required in 

Reach 6 to facilitate capping, but the costs of such additional sediment removal have not been 

included in the cost estimate for Alternative 5B.     

 

12.6.3 Alternative 5C – Removal of Sediment with Mercury > 2 ppm (Reach 
3) and Monitored Natural Recovery 

This removal alternative involves the removal of sediments with total mercury concentrations 

greater than 2 ppm in Reach 3.  No active remediation would be performed in Reaches 4 or 6.  

The estimated acreage that would be disturbed is 110 acres, as shown on Figure 8-1B.     

 

Potential staging areas have been identified from aerial maps (see Figure 8-2A).  Alternative 5C 

was developed based on the following assumptions: 

 

• The depth of contaminated sediment with mercury concentrations exceeding 2 ppm in 

Reach 3 is estimated to be 30 cm (Frazier et al, 2000). 

• As shown in Table 8-3, the estimated impacted area of Reach 3 is approximately 110 

acres. 

• The estimated volume to be removed is approximately 204,000 cu yds (accounts for 

over-dredging by 5 cm beyond depth of contamination due to mechanical limitations of 

precision noted in Section 12.6). 

• It is assumed that a staging area could be constructed at one of the identified staging 

areas. 

• Estimated time required to implement this alternative is 4 years inclusive of the Remedial 

Design and site restoration phase (once access agreements are obtained). 

 

The WASP model results indicate that Alternative 5C will achieve results similar to those that 

would be obtained by Alternative 5A, with fish tissue concentrations in Reach 3 predicted to 
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decrease to 0.45 ppm.  As with 5A, there would also be some benefits in downstream reaches, 

with the least impact in Reach 8 (0.52 ppm, versus 0.56 ppm predicted under the natural 

recovery scenario).  Figure 12-8 shows the predicted fish tissue concentrations for this 

alternative.   

 

Table 12-9 provides details regarding the costs associated with implementation of Alternative 

5C.  The total estimated cost associated with the Alternative 5C scenario is $99,820,000.   

 

12.6.4 Alternative 5D – Removal of Sediment with Mercury > 2 ppm 
(Reaches 3, 4, and 6) and Monitored Natural Recovery 

This removal alternative is the most comprehensive of all removal alternatives and 

contemplates the removal of sediments with mercury concentrations exceeding 2 ppm in 

Reaches 3, 4, and 6.  The estimated acreage that would be disturbed is 110 acres in Reach 3, 

86 acres in Reach 4 and 27 acres in Reach 6, as depicted on Figure 8-1B, Figure 8-1C, and 

Figure 8-1D.   

 

Potential staging areas have been identified from aerial maps (see Figure 8-2A through 8-2C).  

Alternative 5D was developed based on the following assumptions: 

 

• The estimated depths of sediment with mercury concentrations exceeding 2 ppm in 

Reaches 3, 4, and 6 are 30 cm, 40 cm, and 30 cm, respectively (Frazier et al., 2000). 

• As shown in Table 8-3, the estimated impacted areas of Reach 3, Reach 4 and Reach 6 

are approximately 110, 86, and 27 acres, respectively. 

• The estimated volumes to be removed for Reaches 3, 4, and 6 are approximately 

204,000 cu yds, 138,000 cu yds, and 121,000 cu yds respectively, (accounts for over-

dredging by 5 cm beyond depth of contamination due to mechanical limitations of 

precision noted in Section 12.6).  

• The total combined volume to be removed from the three reaches is approximately 

463,000 cu yds. 

• It is assumed that multiple staging areas are available for access, equipment storage, 

and construction of stabilization and sediment transfer facilities.  
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• Estimated time required to implement this alternative is 5 years inclusive of the Remedial 

Design and site restoration phase (once access agreements are obtained). 

 

The WASP model results indicate that Alternative 5D will reduce fish tissue concentrations to 

0.45 ppm in Reach 3, 0.19 ppm in Reach 4 and 0.36 ppm in Reach 6.  Refer to Figure 12-9.   

 

In Reach 8, increased fish tissue concentrations are expected following remediation, due to 

sediment re-suspension and subsequent transport, which in turn is mostly attributable to 

intrusive activities in Reach 6.  By year 30, fish tissue concentrations in Reach 8 are expected to 

be at 0.64 ppm, versus 0.56 ppm under the natural recovery alternative.  This effect may be 

overestimated by the model, since the model does not include provisions for engineering 

controls that would be employed during remediation.  However, the re-suspension rate modeled 

for the Eddy Pump was significantly lower than that expected from traditional mechanical 

methods of dredging, based upon the published specifications for the Eddy Pump technology.  

 

Table 12-10 has been provided to detail the costs associated with implementation of Alternative 

5D.  The total estimated cost associated with the Alternative 5D scenario is $213,490,000 

 

13.0 COMPARATIVE ANALYSIS OF ALTERNATIVES 

13.1 Purpose 

In this section, the performance of each alternative is compared to the other alternatives.  

Disadvantages and advantages of each are evaluated relative to one another so that the 

tradeoffs between the alternatives can be identified.  The Threshold Criteria (i.e., overall 

protectiveness of human health and compliance with ARARs) serve as the basis for the 

assessment, since all retained alternatives must meet these two threshold criteria to be 

considered for selection.  The remaining evaluation criteria (long-term effectiveness and 

permanence; reduction of toxicity, mobility, and volume; short-term effectiveness; 

implementability; and cost) are balancing criteria that are used to identify the best alternative 

that meets the threshold criteria.  The alternatives retained in the initial screening and detailed in 

Section 12 are listed below: 

 

• Alternative 1 – No Action 

• Alternative 2 – Limited Action (i.e., Institutional Controls) 
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• Alternative 3A – MNR and ICs; monitoring in Reach 8 

• Alternative 3B –  ENR in Reach 3; MNR and ICs elsewhere; monitoring in Reach 8 

• Alternative 3C – ENR in Reaches 3, 4 and 6; MNR and ICs elsewhere; monitoring in 

Reach 8 

• Alternative 4A – In-Situ Containment in Reach 3; MNR and ICs elsewhere; monitoring 

in Reach 8 

• Alternative 4B – In-Situ Containment in Reaches 3, 4 and 6; MNR and ICs elsewhere; 

monitoring in Reach 8 

• Alternative 5A – Sediment Removal in Reach 3 (where mercury is > 10 ppm); MNR 

and ICs elsewhere; monitoring in Reach 8 

• Alternative 5B – Sediment Removal in Reach 3 with In-Situ Containment  in Reaches 

3, 4 and 6; MNR and ICs elsewhere; monitoring in Reach 8 

• Alternative 5C – Sediment Removal in Reach 3 (where mercury > 2 ppm); MNR and 

ICs elsewhere; monitoring in Reach 8 

• Alternative 5D – Sediment Removal in Reaches 3, 4 and 6; MNR and ICs elsewhere; 

monitoring in Reach 8 

 

The results of the comparative analysis are presented with a discussion of how various 

uncertainties could affect the relative performance of each alternative.  Both qualitative and 

quantitative comparisons have been used to identify which alternatives perform best relative to 

each of the evaluation criteria and key differences between the alternatives.  Table 13-1 

provides a brief, qualitative summary of the alternative comparative analysis. 

 

13.2 Overall Protection of Human Health and the Environment 

Overall, Alternative 1, the No Action Alternative, is the least protective alternative since no 

active remedial action, monitoring, or communication of risk to the public is proposed.  The 

Massachusetts Department of Public Health has maintained a fish advisory but there would be 

no provision for additional action in the event this advisory were withdrawn or eliminated.  The 

existing elevated concentrations of mercury would be allowed to persist; only some reaches are 

expected to naturally recovery to acceptable levels.  Based on the WASP model, the rate of 

natural recovery would be less than 30 years for Reach 4 and 6 (Reaches 5 and 7 currently do 

not present a human health risk).  Although not modeled specifically, Reaches 2, 9 and 10 are 

assumed to naturally attenuate to acceptable levels based on hydrological conditions similar to 
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those present in Reaches 5, 6 and 7.  Reach 8, for reasons discussed previously (i.e., its 

greater ability to methylate background sources of mercury), is not projected to meet 

remediation goals over the 30-year time frame modeled.  In addition, fish in Reach 3, the most 

contaminated reach, are expected to be contaminated above the 0.48 ppm PRG for the next 30 

years.6

 

   Given the persistence of unsafe concentrations of mercury in fish in these reaches, and 

given the possibility that MassDPH fish advisories may not be continued, EPA has determined 

that Alternative 1 is not protective.   It is thus eliminated from further consideration.   

The remaining alternatives all offer varying degrees of protection.  Alternative 2 (Limited Action) 

offers additional protection over Alternative 1 in the form of additional administrative controls 

such as revised and continued signage and public outreach and education.  The effectiveness 

of additional warning signs is not readily quantifiable as fishing advisories are not enforceable. 

However, continued public outreach and education and maintenance of signage is believed to 

be the most effective way to communicate the risk of contaminated fish consumption.   

Alternative 2 is therefore deemed to satisfy the protectiveness criterion, though it should be 

considered less protective than alternatives that reduce contamination in fish.   

 

Alternative 3A (MNR) is similar to Alternative 2 in that it relies primarily on institutional controls; 

no active remediation is proposed.  However, this option does contemplate monitoring to 

confirm natural recovery processes (except in Reach 8, which would be monitored without any 

expectation of recovery); this affords a level of evaluation not offered by Alternative 2.  It is thus 

marginally more protective than Alternative 2.   

 

The remaining alternatives (Alternatives 3B through 5D) include some type of active remediation 

to reduce or mitigate mercury contamination in sediment and thus reduce the expected 

concentration of mercury in fish, resulting in a higher level of protectiveness than in Alternatives 

1, 2 or 3A.  All of these “active remediation” alternatives are expected to produce fish tissue 

concentrations below the PRG (0.48 ppm) in Reaches 4 through 7; 5 and 7 are already below 

the PRG.  Although they have not been modeled, Reaches 2, 9 and 10 are also generally 

expected to naturally recover over a reasonable timeframe under all the active remediation 

scenarios.   

                                                
6  These predictions are from the WASP computer model included in Attachment C.  As discussed previously, 

despite inherent uncertainty involved, EPA has made every reasonable effort to calibrate the model and believes 
it is the best way to evaluate the effectiveness of the different remedial alternatives at reducing fish tissue 
concentrations.   
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None of the alternatives are able to achieve an acceptable fish tissue concentration in Reach 8, 

and some of the sediment removal alternatives (particularly 5D and 5B) may further negatively 

impact Reach 8 as dredging is expected to re-suspend contaminated sediments, thus allowing 

mercury to migrate downstream to Reach 8, which is very efficient at methylating mercury.  The 

other active remediation alternatives (namely thin layer capping and in-situ containment) 

achieve modest reductions in Reach 8, but still are not expected to achieve the PRG within 30 

years.  With all of the active remediation alternatives, institutional controls (as described in the 

Limited Action Alternative) will be relied upon to prevent consumption of fish in Reach 8.   

 

In Reach 3, the most contaminated reach, all active remediation alternatives are expected to 

result in fish tissue concentrations below the PRG within 30 years.  The lowest projected fish 

tissue concentrations in Reach 3 are predicted with Alternatives 3C, 4A, 4B and 5B (0.43 ppm). 

The highest projected concentration (post remediation) is associated with Alternative 3B (0.47 

ppm).  Projected fish tissue concentrations in Reach 3 under Alternative 5A, 5C and 5D are in 

between (0.45 ppm).  Overall, while there is some additional protectiveness in Reach 3 from the 

more extensive remedial alternatives, the difference between these alternatives and Alternative 

3B is slight.    

 

Figures 12-10 and 12-11 illustrate the predicted fish tissue results for Reach 3 and Reach 8 

respectively.  Figure 13-1A and Figure 13-1B show the change predicted by the model in fish 

tissue concentrations for each of the reaches at approximately 5 years and 30 years after 

completion of active remediation, respectively.   

 

13.3 Compliance with ARARs and TBCs 

A full comparison of the remedial alternatives’ ability to attain ARARs is provided on the tables 

in Appendix D.   There are essentially no chemical-specific ARARs; typically the NRWQC and 

the state analog would be the main chemical-specific ARARs, but these were determined to be 

not relevant and appropriate because the NRWQC and the state analog are a concentration that 

is below the background concentration of mercury and below the risk-based figure calculated for 

the river.    
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The most significant location- and action-specific ARARs are the wetlands federal executive 

order (EO 11990), the state wetlands rules applicable to riverbed, riverfronts and banks (310 

CMR 10.54, .56, .58), and the state and federal regulation of dredge-and-fill operations in rivers 

(Clean Water Act § 404 and 314 CMR 9.00).7

 

  These rules essentially require EPA to avoid 

adverse impacts to wetlands and other aquatic environments, or avoid discharges of fill material 

to the River, unless there is no practicable alternative with lesser effects.   

Alternative 2 and 3A do not involve activity in the river (except sampling, in the case of 3A); they 

do not have an adverse impact of any kind and thus they attain these ARARs.  However, all the 

active remediation alternatives (Alternatives 3B through 5D) do have an adverse impact as the 

thin-layer sand, in-situ containment (i.e., Aquablok cap), and dredging all constitute a temporary 

degradation of the river bottom environment, which is a wetland.  They all also constitute a 

discharge of fill material into the river under CWA § 404.  Thus the question is which alternative 

constitutes the practicable alternative with the least adverse effects on the aquatic environment.  

EPA has determined that Alternative 3B, which would place a thin layer of sand over sediments 

in Reach 3, and Alternative 4A, which would place an “in situ containment” cap over Reach 3, 

have essentially the same impact on the aquatic environment, and constitute the alternatives 

that have the least adverse impact.  

 

Like the other active remediation alternatives, these alternatives reduce fish tissue 

contamination to acceptable levels in the river (except Reach 8) within a reasonable timeframe.  

They differ from the other active remediation alternatives in two significant ways.  First, unlike 

Alternatives 3C, 4B, 5B and 5D (which would involve capping or dredging in reaches 3, 4 and 

6), Alternatives 3B and 4A have impacts only in Reach 3.  Second, unlike Alternatives 5A-D (the 

dredge/removal alternatives), Alternatives 3B and 4A do not involve significant re-suspension of 

contaminated sediments, as does the removal/dredging technology contemplated by 

Alternatives 5A through 5D.   

 

                                                
7  There are also a number of action-specific ARARs that would potentially apply to handling and disposal of 

sampling waste in all alternatives except Alternatives 1 and 2, and also potentially apply to the much larger 
quantity of contaminated sediment generated by Alternatives 5A-5D.  Alternatives 5A-5D would also have to 
comply with National Pollution Discharge Elimination System (NPDES) limits in the wastewater generated from 
dewatering sediment.  It is believed that these ARARs could be attained.   
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On this basis, it is reasonable to conclude that Alternatives 3B and 4A are the least 

environmentally damaging practical alternatives under the wetlands executive order, Section 

404, and the State wetlands regulations.  

 

13.4 Long-term Effectiveness and Permanence 

Alternative 2 relies exclusively on institutional controls – fish advisories, public outreach, and 

posting of warning signs.  These are not enforceable measures and are therefore less effective 

and reliable over the long term than the active remediation alternatives, which will reduce fish 

tissue concentrations.  Alternative 3A is similar to Alternative 2; however there is a monitoring 

component that will verify the natural recovery of most reaches.  But Reach 3 will not recover 

naturally for a long time (and Reach 8 may never recover to levels below the PRG).  The long-

term effectiveness of Alternative 3A is therefore also low.   

 

The thin-layer sand and AquaBlok alternatives (Alternatives 3B, 3C, 4A and 4B) are more 

effective over the long-term:  they reduce fish tissue concentrations readily in Reach 3, the most 

contaminated reach, and in all downstream reaches; the model further predicts that these gains 

will be sustained over the long term.  Although it is possible that severe storms could 

compromise the effectiveness of the thin-layer sand or AquaBlok cap, historical data indicate 

that this is unlikely.  Further studies would be undertaken during Remedial Design which would 

contemplate possible effects for storms and develop measures to try to ensure the performance 

of these alternatives.  In addition, measures to maintain the dams below the impoundments and 

to limit uses of the river that might damage the caps may be used to help protect the thin sand 

layer and AquaBlok caps.  An additional consideration is that fish in Reach 8 are not expected 

to be safe for consumption under these alternatives, so in this reach the effectiveness of 

Alternatives 3B, 3C, 4A and 4B would rely on institutional controls.  However, this condition for 

Reach 8 is apparent in all alternatives considered.  In summary, Alternatives 3B, 3C, 4A, and 4B 

have a reasonable level of long-term effectiveness and permanence.   

 

The dredge and removal alternatives (Alternatives 5A - 5D) are still more effective and reliable 

over the long-term, insofar as they physically remove contamination from the river permanently.  
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13.5 Reduction of Toxicity, Mobility, or Volume Through Treatment 

This analysis is similar to the evaluation of the long-term effectiveness, above.  Alternatives 2 

and 3A do not reduce toxicity, mobility or volume through treatment, as no treatment is involved 

in those alternatives.  The thin-layer sand cap and AquaBlok cap alternatives (3B – 3C and 4A -

4B) reduce mobility and are more or less irreversible, though there is the risk that a severe 

storm could cause problems for the caps (see above).  As noted above, the dredging 

alternatives are more irreversible, in that the contaminated sediment is permanently removed.  

However, in the process, dredging may increase contaminant mobility temporarily, as 

contaminants become re-suspended.  The more comprehensive alternatives – i.e., the 

alternatives involving remedial action in Reaches 3, 4 and 6 - eliminate more contaminant 

mobility/volume than do those that are limited to Reach 3.  However, this advantage is 

attenuated by the fact that the most-contaminated reach is Reach 3, and cleaning it up is 

expected to also result in some reduction of fish tissue in downstream reaches.   

 

Overall, all active remediation alternatives may reasonably achieve a reduction in mobility 

and/or volume of contamination.  The dredge/removal alternatives and the alternatives involving 

more spatially extensive remediation are superior in this respect, though the additional benefit, 

based on the computer modeling, is small.    

 

13.6 Short-term Effectiveness 

As no active remediation is proposed for Alternative 2, this alternative would not result in any 

short-term risks to on-site workers or adverse effects to the environment or community during 

implementation.  The time required to implement Alternative 2 would be minimal, and it attains 

protectiveness (to the degree unenforceable ICs do attain protectiveness) quickly.   

 

The evaluation of the short-term effectiveness of Alternative 3A (MNR) is similar.  The 

monitoring component of Alternative 3A would pose few short-term risks to workers during 

implementation as sampling techniques employed would be traditional and would not harm the 

environment or surrounding community.     

 

The remaining active alternatives all have short-term impacts.  The alternatives that limit active 

remediation to Reach 3 (namely Alternatives 3B, 4A, 5A and 5C) would have fewer short-term 

impacts than the alternatives that propose remediation across several reaches (Alternatives 3C, 
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4B, 5B, and 5D).  A more significant difference is that the sand and AquaBlok capping 

alternatives (3B, 3C, 4A, 4B) should have fewer short-term impacts than the dredging 

alternatives (5A, 5B, 5C, 5D), because it is faster and easier (i.e., involves less equipment) to 

place material over a riverbed than to dredge up the contaminated sediment, dewater it onsite, 

and haul it away.  With the dredging alternatives there is also the potential for sediment re-

suspension, which could cause a temporary elevation in fish tissue concentrations.   

 

All of the active remediation alternatives are largely similar in terms of the amount of the time to 

attain protectiveness (across all modeled reaches, excluding Reach 8 for reasons discussed 

previously).  According to the WASP model, all of these alternatives are projected to attain the 

fish tissue PRG within a reasonable timeframe (i.e., less than 30 years). 

 

Overall, Alternatives 3B and 4A have the fewest short-term impacts of any of the active 

remediation alternatives, and attain protectiveness almost as quickly as any of the other 

alternatives.  They are therefore advantageous over other active remedial alternatives with 

respect to short-term effectiveness.   

 

13.7 Implementability 

The least difficult of all remedial alternatives to implement is Alternative 2 (Limited Action), 

followed by 3A (MNR).  MNR proposed under Alternative 3A will require plan approvals and 

potentially access agreements to conduct field work, but these are not anticipated to be difficult 

to obtain as no unconventional monitoring techniques are proposed for use and impact to the 

Sudbury River is anticipated to be negligible   

 

Of the active alternatives, thin-layer sand capping and in situ containment are easier to 

implement than sediment removal via dredging, since sediment removal requires significant 

operations to dewater sediment, water treatment, and material handling operations.  

Implementing the AquaBlok alternatives (4A and 4B) may be marginally more complex, because 

the properties of AquaBlok cause it to expand when hydrated.  Although this is a benefit to its 

performance, it will require additional provisions and effort during project execution because it 

must remain dry prior to placement.  On-site manufacturing of AquaBlok would provide a means 

for limiting the amount of material requiring staging prior to placement.   Both the AquaBlok and 
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thin-layer sand caps would require some additional evaluation during remedial design, so as to 

optimize the permanence and effectiveness of the caps.   

 

The alternatives that involve a thin layer of sand or AquaBlok in Reaches 4 and 6 (Alternatives 

3C and 4B) would also be more difficult to implement than those limited to Reach 3 (Alternatives 

3B and 4A).  In particular, remediation in Reach 6 may involve sediment removal to 

accommodate the shallower depths observed in Reach 6 and potential restoration activities 

along the River banks.  Additionally, as a larger area would be disturbed under Alternatives 3C 

and 4B, more access agreements and coordination with local officials would be required.   

 

The sediment removal alternatives (Alternatives 5A - 5D) are significantly more difficult to 

implement.  Among other things, it would involve a significant amount of equipment, a longer 

period of time in the field, and construction of sediment dewatering and wastewater treatment 

facilities.  These remedies have, however, been implemented elsewhere and there is no 

component that is technically or administratively impossible.    

 

Overall, Alternative 3B and 4A are the least complicated (putting aside the extra storage 

requirements for AquaBlok) and least geographically extensive of the active remediation 

alternatives, and thus are the alternatives most easily implemented.  The dredging and removal 

alternatives (5A-D) are significantly more complicated.  Similarly, the more comprehensive 

capping alternatives (3C and 4B) are more complicated due to the larger geographical area that 

would be affected.  However, all of the active remediation alternatives are capable of being 

implemented.   

 

13.8 Cost 

As shown on the detailed cost estimated provided in Section 12, Alternative 1 (No Action) is the 

least costly of proposed alternative to implement.  Alternative 2 (Limited Action) requires little 

cost to complete compared to monitoring and/or active remediation.  Alternative 3A (MNR) is 

less costly ($1.1M) than active remediation, but slightly more costly than implementing 

administrative controls under Alternative 2 ($0.2M).  Comparing the active remedial alternatives, 

Alternative 3B is the least costly ($8.5M), followed by 3C ($20.8M), 4A ($24.3M), 4B ($48.9M), 

5A ($59.7M), 5B ($88.5M), 5C ($99.8M) and 5D ($213.5M) in ascending order.   
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13.9 Comparative Analysis Summary 

Apart from the No-Action alternative, all the alternatives are protective, though the active 

remediation alternatives are less reliant on fish advisories and other essentially unenforceable 

ICs than Alternative 2 (Limited Action).  Of the active remediation alternatives, the model 

predicts that all of them will achieve the target fish tissue concentration in a reasonable 

timeframe, except in Reach 8, where all of them fail to achieve the PRG, necessitating a 

reliance on ICs in that reach.  There are also no model simulations for Reaches 2, 9 and 10, but 

recovery is expected to occur in these reaches, insofar as the model predicts recovery in similar 

reaches with roughly similar levels of contamination.  Alternative 3B (thin layer sand capping in 

Reach 3) results in modest reduction of fish tissue concentrations; while this reduction is not as 

great as in other, more comprehensive alternatives, the reduction predicted for Alternative 3B is 

sufficient to attain the PRG within a reasonable timeframe.   

 

Both Alternatives 3B and 4A satisfy the wetlands/section 404 ARARs (practical alternative with 

fewest adverse impacts) better than the other active remediation alternatives, in that these 

alternatives reduce mercury concentrations adequately, yet have the smallest footprint in the 

river and fewer acute impacts than the dredging/removal alternatives.  Alternatives 3B and 4A 

also have the greatest short-term effectiveness and are the easiest to implement. These 

alternatives are also relatively inexpensive, particularly Alternative 3B, which costs a fraction of 

what the other active remedial alternatives cost ($8.5M).   

 

The dredge and removal alternatives do have one clear advantage over the capping 

alternatives:  they arguably have superior long-term effectiveness and permanence, in that 

contamination is permanently removed from the river rather than capped.  However, it is 

believed that measures can be taken to protect the integrity of the caps over the long term.    

 

Similarly, the alternatives that provide for remediation in Reaches 4 and 6, instead of just in 

Reach 3, may do a better job of reducing toxicity, mobility and volume:  they address more 

contamination than the alternatives limited to Reach 3.  However, as discussed above, the 

model predicts these more extensive efforts will have only a small effect on fish tissue 

concentrations in the most contaminated reaches.   
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In summary, all active remedial alternatives are protective in all reaches and attain the fish 

tissue PRG (excluding Reach 8), but Alternatives 3B and 4A are the least environmentally 

damaging practical alternatives under the wetlands/404 ARARs, because of their smaller 

footprint and more-limited scope.  Alternative 3B is the least costly remedial alternative, which is 

a relevant factor in light of the somewhat minor differences in the effectiveness of the various 

alternatives and the relatively low risks (as compared to other Superfund sites) present in the 

river.   Other differences in satisfying the selection criteria appear less significant than these 

ARARs/wetlands issues and cost considerations. 
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Table 3-1
Reasonable Maximum Exposure Non-Cancer Hazard Quotient Summary

Nyanza Chemical Waste Dump Superfund Site
Operable Unit 4 - Sudbury River

Ashland, Massachusetts
Page 1 of 1
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Exposure Point Concentration Scenario - Recreational Angler

Child Adult
Sudbury River Reach
Reach 2 1.8 1.0
Reach 3 2.1 1.2
Reach 4 1.3 0.7
Reach 5 0.9 0.4
Reach 6 1.3 0.7
Reach 7 1.0 0.5
Reach 7 - Heard Pond 0.3 0.1
Reach 8 1.3 0.7
Reach 9 1.5 0.9
Reach 10 1.4 0.7
Reference Areas
Reach 1 1.0 0.5
Charles River 0.7 0.3

Note:  Hazard Quotients adopted from the 2006 Human Health Risk Assessment 
(Avatar, 2006) and the 2008 Technical Memorandum issued by the EPA to amend 
the calculations for Reaches 2 and 9 (U.S. EPA, 2008).

Hazard Quotient
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Table 7-1 
Preliminary Remediation Goal – Review of Relevant Criterion 

Nyanza Chemical Waste Dump Superfund Site 
Operable Unit 4 – Sudbury River 

Ashland, Massachusetts 
 

Criteria Fish Tissue 
Concentration Comments References 

National 
Recommended 
Water Quality 
Criterion 

0.3 mg/kg  
(MeHg) 

This fish tissue residue criterion for 
MeHg is based on a total fish 
consumption rate of 17.5 g/day.  Default 
value; Not site-specific.  

EPA-823-B-01-001 (EPA, January 
2001, and subsequent updates) 

Concentration 
Resulting in Human 
Health Hazard 
Quotient of 1 

0.48 mg/kg 
(total Hg, where 89-99% 
of total Hg is assumed to 
be MeHg per 2006 
HHRA results) 

The HQ calculation was based on 
consumption of 18 g/day and 6.5 g/day 
by adult and child anglers, respectively, 
with the child being the more sensitive 
receptor. 

Final Human Health Risk 
Assessment (HHRA) report for 
Nyanza OU IV,  (Avatar, May 
2006) 

Background 
Concentration 
based on 
Reference Areas 

0.43 mg/kg 
(total Hg, where 89-99% 
of total Hg is assumed to 
be MeHg per 2006 
HHRA results) 

Reference Areas used were Charles 
River and Reach 1 of Sudbury River.  

HHRA (Avatar, 2006), Technical 
Memorandum – Suitability of the 
Sudbury Reservoir as a 
Reference Area for Nyanza OUIV 
Sudbury River Studies, issued on 
December 4, 2009 by the EPA to 
the Site File.  

Recommended 
FDA Action Limit  

1 mg/kg in Fish and 
Shellfish 

FDA criterion is the least conservative 
option and will not meet EPA’s 
maximum recommended risk level of 
HQ = 1 

Guidance for Industry:  Action 
Levels for Poisonous or 
Deleterious Substances in Human 
Food and Animal Feed, issued by 
the FDA in August 2000 

Selected PRG 0.48 mg/kg 
(total Hg) 

The PRG of 0.48 mg/kg is a risk-based 
concentration that is protective of 
human health where the HQ ≤1.  
The NRWQC was not selected because 
it is lower than background and 
therefore unachievable. 

 

 
Notes: 
 
Hg = mercury    NRWQC = National Recommended Water Quality Criteria 
HQ = Hazard Quotient   PRG = Preliminary Remediation Goal 
MeHg = methylmercury   FDA = Food and Drug Administration 
mg/kg = milligrams per kilogram 
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Table 8-1 
Literature Review of Remediation Sites with Mercury Cleanup Goals 

Nyanza Chemical Waste Dump Superfund Site 
Operable Unit 4 – Sudbury River 

Ashland, Massachusetts 
 

 
Sediment Cleanup Goals 
Developed at Other Sites Comments Reference 

Lake Onondaga 
Bioaccumulation-based 
sediment quality value (BSQV) 
of 0.8 mg/kg Total Mercury 
(Syracuse, NY) 

BSQV of 0.8 mg/kg mercury in Lake Onondaga 
sediment was calculated by dividing the fish tissue 
PRG of the most sensitive ecological receptor 
(based on bioaccumulation) by site-specific BSAF. 
This was assumed to also be protective of human 
health. 

Onondaga Lake Bottom, Subsite of 
the Onondaga Lake Superfund Site 
Record of Decision (USEPA, July 
2005) 

Lake Onondaga PEC of 2.2 
mg/kg Total Mercury 
(Syracuse, NY) 

Benthic-toxicity based Probable Effects 
Concentration (PEC) for Lake Onondaga ecological 
receptors was determined to be 2.2 mg/kg mercury 
in sediment. 

Onondaga Lake Bottom, Subsite of 
the Onondaga Lake Superfund Site 
Record of Decision (USEPA, July 
2005) 

Whatcom Waterway Site-
Specific Bioaccumulation 
Screening Level (BSL) of 1.2 
mg/kg Total Mercury 
(Bellingham Bay, WA) 

BSL developed to be protective of human health for 
both recreational and subsistence fishing and 
seafood consumption practices. 

Draft Supplemental RI/FS (RETEC, 
2006) 

Indiana Harbor Canal Superfund 
Site Preliminary Cleanup Goal 
Range of 0.18 to 0.636 mg/kg 
for Total Mercury in sediment 
(East Chicago, IN) 

Preliminary cleanup goal proposed for the protection 
of benthic invertebrates.  

Indiana Harbor Site Proposed 
Sediment Clean-up Goals  
(USEPA,2010) 
http://www.epa.gov/R5Super/ecolog
y/html/casestudies/ihsitecug.htm 

Bremerton Naval Complex 
Sediment Cleanup Goal of 
3mg/kg Total Mercury in 
sediment (Bremerton, WA) 
 
 

Cleanup goal derived to be protective of human 
health, but based upon co-located PCB 
contaminated sediment and was not risk or 
regulatory based.  

Environ Corporation and SSC 
Pacific.  2009.  Enhanced Monitored 
Natural Recovery (EMNR) Case 
Studies Review - Technical Report 
1983.  May. 

 
 
Notes: 
 
BSL  =  Bioaccumulation screening level 
BSQV =  Bioaccumulation-based sediment quality value 
MeHg  =  methylmercury 
NRWQC = National Recommended Water Quality Criteria 
PRG  =  Preliminary Remediation Goal 
FDA  =  Food and Drug Administration 
mg/kg =  milligrams per kilogram 
NY =  New York 
WA  =  Washington 
IN  =  Indiana 
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Table 8-2 
Bioaccumulation-based Sediment Quality Value Development 

Nyanza Chemical Waste Dump Superfund Site 
Operable Unit 4 – Sudbury River 

Ashland, Massachusetts 
 

 
 
Feasibility Study Target Sediment Concentrations – 2 mg/kg and 10 mg/kg total mercury in sediment 
 

Reach of Sudbury River Human Health HI 1 Reach-Specific 
BSAF 2 

Corresponding Sediment Value 
Based on PRG 

(mg/kg total mercury in 
sediment) 3  

Reach 2   1.8 1.5 0.32 
Reach 3  (Reservoir 2) 2.1 0.14 3.43 
Reach 4  (Reservoir 1) 1.3 0.11 4.36 
Reach 5 0.9 4.1 NA 
Reach 6 1.3 0.39 1.23 
Reach 7 1.0 2.2 NA 
Reach 8 1.3 1.1 0.44 
Reach 9 1.5 0.81 0.59 
Reach 10 1.4 2.2 0.22 
Average for Reaches 2,3,4,6,8, 9, and 10 4   1.51 
Average for Reaches 3,4, and 6 5   3.00 
 

Notes: 

HI  =  Hazard Index 
BSAF  =  Biota to sediment accumulation factor 
BSQV =  Bio-accumulation sediment quality value 
mg/kg =  milligrams per kilogram 
 
1   Hazard Index values from 2006 Human Health Risk Assessment prepared by Avatar Environmental, LLC 
2  See Technical Memorandum, Nyanza OU IV BSAF Development, issued by Avatar Environmental, LLC on 

September 2, 2009 for source of BSAF values. 
3  Site-specific Preliminary Remediation Goal of 0.48 mg/kg total mercury in fish tissue 
4  Reaches with Hazard Index values > 1.0 
5  Reaches with historically elevated total mercury in sediment being considered for active remediation. 

 

 



Table 8-3 
Summary of Contaminated Sediment Areas and Volumes 

Nyanza Chemical Waste Dump Superfund Site 
Operable Unit 4 – Sudbury River 

Ashland, Massachusetts 
 

 

NH-2423-2010 Nobis Engineering, Inc. 

Reaches 

Sediment Exceeding 10 mg/kg 
Hg 

Sediment Exceeding 2 mg/kg  
Hg 

Area  
(acres) 

Depth  
(ft) 

Volume  
(1000 yd3) 

Area  
(acres) 

Depth  
(ft) 

Volume  
(1000 yd3) 

Reach 2 0 N/A 0 13 1.3 * 27 

Reach 3 84 0.66 89  110 0.98 175 

Reach 4 0 N/A 0 86 1.3 181 

Reach 6 0 N/A 0 27 0.98 * 42 

Reach 8 0 N/A 0 1,152 0.98 * 1,800 

Reach 9 0 N/A 0 0 N/A 0 

Reach 10 0 N/A 0 0 N/A 0 

 

Notes:  

 

*  =  depth data not available, depth estimated using those in other reaches. 
mg/kg = milligrams per kilogram 
ft  =  feet 
yd3  =  cubic yards 
N/A  =  not analyzed 
 
Shaded cells indicate area/volume is addressed by one or more Remedial Alternative options 

  
 



Table 8-4A
Reach 3 Staging Area Options

Nyanza Chemical Waste Dump Superfund Site
Operable Unit 4 - Sudbury River

Ashland, Massachusetts

NH-2423-2010  Nobis Engineering, Inc.

Staging Area ID1. Acreage Notes Environmental Areas of Concern

ST1 8.22 Large site with excellent access, would require running 
piping under road, piping could run under railroad bridge, 
long piping runs of up to 10,000 ft to northern tip of Reach 
3

Openspace - DCRW (Division of Water Supply 
Protection), Wetlands (limited), FEMA Flood Zone - 
AE

ST2 1.02 Excellent access to both road and water, southern half of 
property sufficient for truck turnaround 
(WB-62)

None

ST3 1.77 Excellent access to both road and water, sufficient for 
truck turnaround (WB-62)

Medium Yield Aquifer

ST4 0.74 Decent access to both road and water, sufficient for truck 
turnaround (WB-62), high tension power lines running 
through southern half of property

Medium Yield Aquifer

ST5 2.49 Excellent access to both road and water, centrally located 
upstream of Segment 5, sufficient for truck turnaround 
(WB-62) and located near rail system

Openspace - DCRW (Division of Water Supply 
Protection), Medium Yield Aquifer

ST6 1.26 Excellent access to road, limited access to water, pipes 
can run under small bridge to gain access to Reservior 
No. 2, centrally located upstream of Segment 5, sufficient 
for truck turnaround (WB-62) and located near rail system

Openspace - DCRW (Division of Water Supply 
Protection), Wetlands (limited), Medium Yield 
Aquifer

ST7 1.60 Excellent access to both road and water, sufficient for 
truck turnaround (WB-62)

Openspace - DCRW (Division of Water Supply 
Protection)

ST8 0.75 Small site with difficult road access, the dam's access 
road would be used and it is narrow with two 90 degree 
bends, excellent access to water, sufficient for truck 
turnaround (WB-62)

Openspace - DCRW (Division of Water Supply 
Protection), FEMA Flood Zone - AE (limited), 
Medium Yield Aquifer

ST9 0.65 Small site adjacent to dam, access is difficult, too small 
and access too limited for large trucks to be used, access 
to water is good.

Openspace - DCRW (Division of Water Supply 
Protection), FEMA Flood Zone - AE (limited)

ST10 11.60 Very large site adjacent to railroad row, road access is 
difficult due to railroad, excellent access to water, 
sufficient for truck turnaround (WB-62)

Openspace - DCRW (Division of Water Supply 
Protection), Wetlands (limited), FEMA Flood Zone - 
AE (limited), Medium Yield Aquifer

ST11 0.23 Tiny site at waters edge enclosed by private properties Openspace - DCRW (Division of Water Supply 
Protection), FEMA Flood Zone - AE (limited), 
Medium Yield Aquifer

Notes:

1.  See Figure 8-2A for staging area locations
WB-62 = indicates that turnaround is anticipated to be wheel-base 62 compatible for trucking specifications



Table 8-4B
Reach 4 Staging Area Options

Nyanza Chemical Waste Dump Superfund Site
Operable Unit 4 - Sudbury River

Ashland, Massachusetts

NH-2423-2010 Nobis Engineering, Inc.

Staging Area ID1. Acreage Notes Environmental Areas of Concern

ST12 4.09 Large site surrounded by water, access through dead end in 
neighborhood, elevation changes running through middle of 
site (may be indicative of a creek) may pose difficulties, 
sufficient for truck turnaround (WB-62), large trucks may 
experience difficulty getting through neighborhood

Openspace - DCRW (Division of Water 
Supply Protection), Wetlands (limited), 
FEMA Flood Zone - AE

ST13 0.48 Small site surrounded by private property and a dyke, 
access to road and water are minimal, sufficient for truck 
turnaround (WB-62)

Openspace - DCRW (Division of Water 
Supply Protection), Medium yeild aquifer, 
FEMA Flood Zone - AE

ST14 3.81 Large site is northwest of Reach 4, excellent access to both 
road and water, sufficient for truck turnaround (WB-62), 
piping run to southern tip of Reach 4 is 7,500 ft

Openspace - DCRW (Division of Water 
Supply Protection), Wetland (substantial), 
FEMA Flood Zone - AE

ST15 52.90 Very large site with excellent access to both road and water, 
water access is west of Reach 4 and would require piping to 
run under bridge

Openspace - Municipal, Wetlands 
(substantial), FEMA Flood Zone - AE

Notes:

1.  See Figure 8-2B for staging area locations
WB-62 = indicates that turnaround is anticipated to be wheel-base 62 compatible for trucking specifications



Table 8-4C
Reach 6 Staging Area Options   

Nyanza Chemical Waste Dump Superfund Site
Operable Unit 4 - Sudbury River

Ashland, Massachusetts

NH-2423-2010 Nobis Engineering, Inc.

Staging Area ID1. Acreage Notes Environmental Areas of Concern

ST16 0.91 Excellent access to water, road access through 
private property, sufficient for truck turnaround (WB-
62), large trucks may experience difficulty getting 
through neighborhood

Openspace - Municipal, Wetlands (limited), 
FEMA Flood Zone - AE

ST17 2.14 Large site with excellent access to road and water, 
road access might be through private property, 
sufficient for truck turnaround (WB-62)

FEMA Flood Zone - AE

ST18 0.59 Excellent access to water, road access might be 
through private property, sufficient for turck 
turnaround (WB-62)

FEMA Flood Zone - AE (limited), Medium Yield 
Aquifer

ST19 0.36 Excellent access to both road and water, road access 
via large parking lot, sufficient for truck turnaround 
(WB-62)

FEMA Flood Zone - AE (limited), Medium Yield 
Aquifer, Openspace - Landtrust

ST20 0.08 Very small site at back end of large parking lot, 
excellent access to water, sufficient for truck 
turnaround (WB-62)

FEMA Flood Zone - AE, Medium Yield Non-
Potential Drinking Water Source Area

Notes:

1.  See Figure 8-2C for staging area locations
WB-62 = indicates that turnaround is anticipated to be wheel-base 62 compatible for trucking specifications



Table 8-5
Potential Staging Area Property Review

Nyanza Chemical Waste Dump Superfund Site 
Operable Unit 4 - Sudbury River

Ashland, Massachusetts
Page 1 of 3

NH-2423-2010 Nobis Engineering, Inc.

Potential Staging 
Area Property Location Owner Town Acreage Parcel ID Observed Condition Comments

Reach 3

12 Union St 58 Exchange Realty, LLC. c/o F Moore Mclaughlin 
IV Ashland, MA 1.1 0150-0077

16 Union St 58 Exchange Realty, LLC. c/o F Moore Mclaughlin 
IV Ashland, MA 10.5 0150-0076

65 E. Union St Town of Ashland High School Ashland, MA 52 0150-0083

Fountain St Comm. of Mass - MDC Ashland, MA 17.5 0150-0001

CONRAIL Ashland, MA Train ROW

Fountain St Comm. of Mass - MDC Ashland, MA 26.5 0100-0067

Fountain St Claudia J Lefter Ashland, MA 0.34 0100-0057

ST4 169 Fountain St Georgy & Leslie A. Bezkorovainy Ashland, MA 0.73 0100-0059 Ok, power lines present

ST5 258 Fountain St
Dept. of Conservation and Recreation, Div of 

Water Supply Protection, 251 Causeway St, Office 
of Watershed Management, Boston, MA 02114

Framingham, MA 01702 79 1001500005000130 Ok

ST6 258 Fountain St
Dept. of Conservation and Recreation, Div of 

Water Supply Protection, 251 Causeway St, Office 
of Watershed Management, Boston, MA 02114

Framingham, MA 01702 79 1001500005000130 Ok

ST7 9999 Fountain St Comm. of Mass - MDC Framingham, MA 01702 Ok

258 Fountain St
Dept. of Conservation and Recreation, Div of 

Water Supply Protection, 251 Causeway St, Office 
of Watershed Management, Boston, MA 02114

Framingham, MA 
01702/Ashland, MA 79 1001500005000130 Property falls within Framingham 

and Ashland

CONRAIL Ashland, MA Train ROW

Fountain St Comm. of Mass - MDC Ashland, MA 26.5 0100-0067

Waverly St Rear Town of Ashland Tax Title Ashland, MA 1.5 0100-0068

Fountain St Comm. of Mass - MDC Ashland, MA 17.5 0150-0001

Waverly St Rear Town of Ashland Tax Title Ashland, MA 0.34 0150-0002

637 Winter St Marybeth Finley Framingham, MA 01702 0.68 1006120000100150 9999 Fountain St has space 
near here

639 Winter St David & Sandra Cerutti Framingham, MA 01702 0.54 1006120000100140

641 Winter St Joh A, Liberatore & Josephine TRS (Liberatore 
Family Irrevocable Trust) Framingham, MA 01702 0.56 1006120000100130

Ok, High School nearby

ST11 NA

Ok

ST3

ST1

ST2

NAST10

Ok, slopes to river



Table 8-5
Potential Staging Area Property Review

Nyanza Chemical Waste Dump Superfund Site 
Operable Unit 4 - Sudbury River

Ashland, Massachusetts
Page 2 of 3

NH-2423-2010 Nobis Engineering, Inc.

Potential Staging 
Area Property Location Owner Town Acreage Parcel ID Observed Condition Comments

Reach 4

ST8 9999 Fountain St Comm. of Mass - MDC Framingham, MA 01702 NA NA

ST9 9999 Fountain St Comm. of Mass - MDC Framingham, MA 01702 NA NA

ST12 9999 Fountain St Comm. of Mass - MDC Framingham, MA 01702 NA Ok

ST13 9999 Fountain St Comm. of Mass - MDC Framingham, MA 01702 NA Not ideal

ST14 9999 Salem End Rd Comm. of Mass - MDC Framingham, MA 01702 NA 1004440000500000 NA No acreage available

26 Badger Rd Town of Framingham, Conservation Commission 
(Memorial Bldg) Framingham, MA 01702 51 1004470000200020

18 Badger Rd Town of Framingham, Conservation Commission 
(Memorial Bldg) Framingham, MA 01702 6.5 1004470000200030

9999 Singletary Ln Mass, Commonwealth of MWRA RES 1 Framingham, MA 01702 NA 100447000020 No acreage available
Reach 6

ST16 9999 Simpson Dr Town of Framingham, Parks and Recreation 
Dept., Park Dept., 475 Union Ave. Framingham, MA 01702 1.6 100339000080582A NA

311 Central St Judith M Perry & James M Ansbro Framingham, MA 01701 0.56 100336000140008A

301 Central St Aldrelin Development, LLC, 5 Commonwealth Rd, 
Natick, MA 01760 Framingham, MA 01701 1.29 100336000140008B

295 Central St James T Eshman & Laurene A Lincoln Framingham, MA 01701 1.14 100640000010008C

291 Central St Christopher A Shaw & Donna M Cruciani Framingham, MA 01701 0.23 1006400000100110

279 Central St Thomas F Donahue Jr. & Barbra Framingham, MA 01701 1.88 1006400000100100

151 Central St
Town of Framingham, Tax Title-C/O Town 

Manager, 150 Concord St, Framingham, MA 
01702

Framingham, MA 01701 0.54 1006420000100130

151 Central St Jane E Letteney Framingham, MA 01701 0.7 1006420000100020

161 Central St Ralph W Gorman III, TRS & Michelle Chase, 
Central Street Realty Trust Framingham, MA 01701 0.31 1006420000100030

133 Central St Andrea L Chick & Ronald J. Framingham, MA 01701 0.95 1006420000100010

0/9999 Central St Sudbury Valley Trustees, Inc., 18 Wolbach Rd, 
Sudbury, MA 01776 Framingham, MA 01701 0.55 100331000010058B

9999 Centennial Pl
Town of Framingham, Tax Title-C/O Town 
Manager, 150 Concord St, Memorial Bldg, 

Framingham, MA 01702
Framingham, MA 01701 0.54 100331000010057A This is located right next to ST19

ST19

ST18

ST17

NA

NA

NA

ST15 Ok



Table 8-5
Potential Staging Area Property Review

Nyanza Chemical Waste Dump Superfund Site 
Operable Unit 4 - Sudbury River

Ashland, Massachusetts
Page 3 of 3

NH-2423-2010 Nobis Engineering, Inc.

Potential Staging 
Area Property Location Owner Town Acreage Parcel ID Observed Condition Comments

Reach 6 (cont.)

66 Water St
Mark Patel & Maya TRS, RAM Realty Trust, 12 

Derby St, Framingham, MA 01701 (Primary 
address 64 Water St)

Framingham, MA 01701 0.68 1003320001200060

62 Water St Qual Zin Gao & Yao TRS, Gao's 62 Water Street 
Realty Trust Framingham, MA 01701 0.52 100332000120006G

46 Water St E. Grace Jr. & F. Walls & J. Dunn TRS, EFR 
Realty Trust Framingham, MA 01701 0.56 100332000010006A

Note:

NA = Not available

ST20 NA



Table 10-1
Summary of Technology Screening

Nyanza Chemical Waste Dump Superfund Site
Operable Unit 4 - Sudbury River

Ashland, Massachusetts
Page 1 of 6

Note:
Shaded cells indicate technology is not being retained for further consideration

NH-2423-2010 Nobis Engineering, Inc. 

General Response 
Action Technology Description Screening 

Status Screening Rationale Alternatives Incorporating 
Technology

Natural Recovery Monitored Natural 
Recovery (MNR)

Long-term sampling and monitoring of fish, 
sediment and surface water with 
geomorphology evaluations. 

Retained
Provides abundant information with minimal 
effort. May be applicable for use alone or in 
conjunction with active remediation.

All

Enhanced Natural 
Recovery

MNR with the addition of thin-layer placement 
or silt curtains to expedite recovery Retained

Provides abundant information with minimal 
effort. May be applicable for use alone or in 
conjunction with active remediation.

Alternative 3B and 3C, Process 
Option for Alternative 5A, 5B, 5C and 
5D

Institutional Controls
Fish Consumption 
Advisories and Fishing 
Bans

Advisories(guidance) and/or bans (law) applied 
to limit consumption of fish and directly control 
exposure to risk population.

Retained

Provides an administrative control on the 
target risk population. May be applicable for 
use alone or in conjunction with active 
remediation.

All until PRGs are achieved

Waterway Use Restrictions
Restrictions on use to limit direct contact with 
sediment and/or water during recreational 
and/or sustenance activities.

Retained

Provides an administrative control on the 
target risk population. May be applicable for 
use alone or in conjunction with active 
remediation.

Possibly all, depending on 
implications of sediment disturbance 
on effectiveness

Land Use Restrictions and 
Structure Maintenance 
Agreements

Provides an administrative control to ensure 
future maintenance or construction on adjacent 
land or structures do not impact contaminated 
sediments or implemented remedial solutions. 

Retained

May be required to ensure future 
maintenance on dams do not impact 
contaminated sediment or in situ remedial 
solutions. May be applicable for use alone or 
in conjunction with active remediation.

Possibly all, depending on 
implications of sediment disturbance 
on effectiveness

In Situ Treatment In Situ Containment

Conventional remedial solution that uses 
placement of a cap, typically riprap, gravel, 
sand, clay/polymer, geotextile or any 
combination of materials, to provide a barrier to 
physically and chemically isolate contaminated 
sediments while providing protection from 
erosion and further transport downstream. Long-
term effectiveness depends upon placement, 
materials and hydrologic setting. Variable 
degrees of isolation and protection are offered 
by different types of capping materials.  

Retained

Recent technological advancements of 
clay/polymer capping materials offer 
physically stable, low permeability caps that 
provide enhanced sorption of contaminants 
and suitable habitat for benthic communities. 
This technology offers a long-term solution 
that does not require additional handling 
and/or disposal such as removal 
technologies.   

Process Option for Alternatives 3B, 
3C, 4A, 4B, and 5B



Table 10-1
Summary of Technology Screening

Nyanza Chemical Waste Dump Superfund Site
Operable Unit 4 - Sudbury River

Ashland, Massachusetts
Page 2 of 6

Note:
Shaded cells indicate technology is not being retained for further consideration

NH-2423-2010 Nobis Engineering, Inc. 

General Response 
Action Technology Description Screening 

Status Screening Rationale Alternatives Incorporating 
Technology

In Situ Treatment (cont.) Chemical Immobilization

The addition of stabilizing reagents to the 
contaminated sediment may immobilize the 
mercury from further transformation/transport. A 
treatability study will be required to evaluate 
reagents and effectiveness given site-specific 
substrate conditions. Additional research and 
procurement of a suitable mixing method (i.e.; 
auger) will need to be completed. Procedure 
results in increased resuspension and alters the 
physical characteristics of the sediment. 

Not Retained
Application for mercury is not widely 
acknowledged and increase in resuspension 
is high.  

None

Biological Treatment

In situ biological treatment reduces the 
bioavailability of a contaminant by using native 
or adapted microorganisms to degrade 
contamination in sediment and can potentially 
be used to affect the methylation process in the 
Sudbury River. This technology is generally low 
cost and can be enhanced by controlling other 
environmental factors such as pH, nutrient 
availability or oxygen content. 

Not Retained

This application is not proven for mercury as 
of yet as the complexity of mechanisms 
required are very sensitive to environmental 
changes not able to be controlled in the field.

None

Phytoremediation

Technology under development that uses 
plants to remove, transfer, stabilize, or destroy 
contaminants in soil, sediment and 
groundwater. Recent research has identified a 
bacterial gene that facilitates transformation of 
mercury to its elemental state to ultimately 
volatilize to the air.  

Not Retained This application is not proven at a full-scale 
level. None

Electrochemical Oxidation

Coupled electrodes are driven into sediment to 
initiate an Induced Complexation process where 
mercury would be mobilized via charge and 
collected on the electrodes. This is a low-impact 
treatment option suitable for shallow river and 
deep reservoir sediments. Disturbance to the 
nearby ecosystem has been documented and 
requires further research. 

Retained
This technology has been proven full-scale 
and is ideal for both deep and shallow 
sediments. 

Alternatives 7A and 7B



Table 10-1
Summary of Technology Screening

Nyanza Chemical Waste Dump Superfund Site
Operable Unit 4 - Sudbury River

Ashland, Massachusetts
Page 3 of 6

Note:
Shaded cells indicate technology is not being retained for further consideration

NH-2423-2010 Nobis Engineering, Inc. 

General Response 
Action Technology Description Screening 

Status Screening Rationale Alternatives Incorporating 
Technology

Sediment Removal Wet Excavation

Uses conventional heavy equipment for 
permanent removal of contaminated sediments 
without dewatering prior to excavation from 
either the bank or a floating barge. 

Not Retained

Method is less effective than other removal 
technologies and typically results in a large 
percentage of sediments subject to 
resuspension.

None

Dredging

Uses specialized machinery and attachments to 
permanently remove sediments by using both 
mechanical (i.e.; intrusive) methods such as 
digging in or dragging with heavy equipment 
and hydraulic (i.e.; non-intrusive) methods such 
as centrifugal or tornado-motion pump removal 
of a sediment slurry. Mechanical methods are 
typically bank or barge-mounted, while 
hydraulic methods can be operated by boat, 
barge or hand. 

Retained

Conventionally used technology that 
provides a remedial solution to permanently 
remove the risk of exposure to dredged 
sediments. Specialized equipment for both 
mechanical and hydraulic dredging can 
minimize sediment resuspension compared 
to traditional excavation technologies. 

Process Option for Alternatives 3C, 
4B, 5A, 5B, 5C,, 5D and 6

Dry Excavation
Conventional excavation with heavy equipment 
following diversion/control of water to dry 
sediments prior to removal activities. 

Not Retained

Method offers efficient, permanent removal 
of contaminated sediments, however, river 
diversion can be costly and regulatory 
approval can be difficult to obtain. 

Alternative 6

Ex Situ Treatment of 
Sediment Soil Washing

Reduces contamination by separating coarse 
from fine grained sediments and removes 
adhered contamination. Based upon 
effectiveness, sediment may be re-used on site 
and/or be subject to further treatment/disposal 
off-site.  

Not Retained
Method is less effective for finer grained 
materials and would likely require secondary 
treatment and/or additional off-site disposal. 

None

Stabilization/Solidification

Technology immobilizes contaminants by 
chemical treatment while potentially improving 
the handling characteristics of the material. 
Often results in a net increase in material, but a 
decrease in the cost for disposal by reducing 
the associated hazard. A treatability study 
would be required to test available reagents 
prior to full-scale implementation. This 
technology has proved successful at reducing 
the leachability of mercury.  

Retained

This technology may be applicable for use in 
conjunction with other technologies prior to 
re-use/off site disposal to reduce the 
hazardous characteristic of the sediment. 

Alternatives 5A, 5B, 5C, 5D and 6



Table 10-1
Summary of Technology Screening

Nyanza Chemical Waste Dump Superfund Site
Operable Unit 4 - Sudbury River

Ashland, Massachusetts
Page 4 of 6

Note:
Shaded cells indicate technology is not being retained for further consideration

NH-2423-2010 Nobis Engineering, Inc. 

General Response 
Action Technology Description Screening 

Status Screening Rationale Alternatives Incorporating 
Technology

Ex Situ Treatment of 
Sediment (con't) Thermal Desorption

Technology would heat contaminated 
sediments to the boiling point of mercury to 
evaporate and capture the volatilized 
contaminant for disposal. 

Not Retained

Due to the low concentration of mercury in 
surface water and sediment and the high 
energy consumption required for 
volatilization, this technology would not be 
cost effective. 

None

Biological Treatment

Ex situ biological treatment reduces the total 
concentration of a contaminant. Wastewater 
treatment studies have researched the potential 
of using bacteria to assimilate mercury and 
subsequently be separated out, however, this 
method has not been proven for use on 
sediment. 

Not Retained This technology has not been proven 
effective for mercury in sediment. None

Off -Site Disposal of 
Sediment Landfill Cover

The Massachusetts Department of 
Environmental Protection policy COMM-97-001 
provides for disposal of low-level contaminated 
soil and sediment as daily landfill cover 
providing it meets the criteria established by the 
Commonwealth of Massachusetts. 

Retained

If required criteria are met (i.e.; total Hg < 10 
mg/kg and no associated TCLP hazard), off 
site disposal as COMM-97-001 material in 
Massachusetts would be the lowest cost 
disposal option. 

Process Option for Alternatives 4B, 
5A, 5B, 5C, 5D and 6

RCRA Subtitle D Landfill

Removed material that does not meet COMM-
97-001 criteria but has a total Hg < 50 mg/kg 
and does not have an associated TCLP hazard, 
may be disposed of at a RCRA Subtitle D 
disposal facility providing it additionally meets 
facility-specific criteria. 

Retained

If required criteria are met (i.e.; total Hg > 10 
mg/kg but < 50 mg/kg and no associated 
TCLP hazard), off site disposal as Subtitle D 
material would be the mid-level cost disposal 
option. 

Process Option for Alternatives 4B, 
5A, 5B, 5C,, 5D and 6

RCRA Subtitle C Landfill

Removed material that when tested has a 
characteristic hazard associated with it (i.e. 
TCLP detection) will require off site disposal as 
hazardous material at a Subtitle C disposal 
facility providing it additionally meets facility-
specific criteria.  

Retained

If characterized sediment is determined to be 
hazardous and cannot be stabilized/solidified 
on site, it will require disposal at a Subtitle C 
facility and will be subject to the facility 
permit and acceptance criteria. This disposal 
option will be the most costly.  

Process Option for Alternatives 4B, 
5A, 5B, 5C,, 5D and 6



Table 10-1
Summary of Technology Screening

Nyanza Chemical Waste Dump Superfund Site
Operable Unit 4 - Sudbury River

Ashland, Massachusetts
Page 5 of 6

Note:
Shaded cells indicate technology is not being retained for further consideration

NH-2423-2010 Nobis Engineering, Inc. 

General Response 
Action Technology Description Screening 

Status Screening Rationale Alternatives Incorporating 
Technology

Riverbed Restoration Improving Substrate 
Conditions

Any disrupted portions of the Sudbury River will 
require restoration to mimic or improve upon 
the pre-existing conditions of the substrate and 
benthic habitat. Improvements may also be 
required to reinforce protection against future 
erosion via armoring. 

Retained
Retained for use in combination with any 
intrusive activities conducted in the River as 
a restoration technology. 

Process Option for Alternatives 3C,  
4B, 5A, 5B, 5C,, 5D and 6

Armoring

Practice in riverbed construction/restoration that 
uses large particle sized material (i.e.; cobbles, 
riprap or concrete) to protect underlying finer 
grained material from erosion and subsequent 
migration downstream. May be used to protect 
new or existing sediments. 

Retained
May be used as a restoration technique 
following any intrusive activity and/or as a 
component of cap application. 

Process Option for Alternatives 3C, 
4B, 5A, 5B, 5C,, 5D and 6

Pool/Riffle Construction

Practice in riverbed construction/restoration that 
mimics natural design by incorporating reaches 
that flow at higher velocities, and typically have 
coarser grained substrate material and 
shallower depths, and reaches that are deeper 
allowing velocity to decrease and natural 
sedimentation to occur. These important river 
habitats facilitate biological functions of the 
surface water and sediment dwelling organisms 
in addition to providing conduits for sediment 
transport and energy dissipation. Typical natural 
design provides for pool spacing of five to 
seven bankfull widths between riffle segments. 

Retained
Retained for use in combination with any 
intrusive activities conducted in the River as 
a restoration technology. 

Process Option for Alternatives 3C, 
4B, 5A, 5B, 5C,, 5D and 6

Aquatic Cover

In nature, aquatic cover provides shelter and/or 
feeding grounds for the local communities in the 
form of logs, rocks, turbulence and vegetation 
in and adjacent to the river. These aspects of 
the habitat are critical for healthy biological 
functioning. 

Retained
Retained for use in combination with any 
intrusive activities conducted in the River as 
a restoration technology. 

Process Option for Alternatives 3C, 
4B, 5A, 5B, 5C,, 5D and 6



Table 10-1
Summary of Technology Screening

Nyanza Chemical Waste Dump Superfund Site
Operable Unit 4 - Sudbury River

Ashland, Massachusetts
Page 6 of 6

Note:
Shaded cells indicate technology is not being retained for further consideration

NH-2423-2010 Nobis Engineering, Inc. 

General Response 
Action Technology Description Screening 

Status Screening Rationale Alternatives Incorporating 
Technology

River Diversion

Open Channel Diversion

Uses sheetpiling and/or water barriers to restrict 
flow both laterally and vertically within the river 
to provide for dry work cells for remedial work. 
Could be applicable to any segments of the 
Sudbury River targeted for active remediation. 

Not Retained

Given the volume and depth of the portions 
of the Sudbury River that may require active 
remediation (i.e.; Reach 3, 4 and 6), this 
technology would be difficult to implement 
and not cost effective. 

None

Bypass Piping

Uses bypass piping (gravity- or pump-driven) to 
restrict flow in an area of the river subject to 
active remediation. Typically requires a dam to 
be built upstream of the remediation area. 
Could be applicable to any segments of the 
Sudbury River targeted for active remediation. 

Not Retained

Given the volume of the portions of the 
Sudbury River that may require active 
remediation (i.e.; Reach 3, 4 and 6), this 
technology would not be cost effective. 

None

Alternate River Channel
Requires construction of a new river channel to 
bypass flow around the contaminated 
sediments requiring active remediation. 

Not Retained

Given the volume and depth of the portions 
of the Sudbury River that may require active 
remediation (i.e.; Reach 3, 4 and 6), this 
technology would be difficult to implement 
and not cost effective. 

None



Table 11-1
Remedial Alternatives Summary 

Nyanza Chemical Waste Dump Superfund Site
Operable Unit 4 - Sudbury River

Ashland, Massachusetts

NH-2423-2010 Nobis Engineering, Inc.

Alternatives Remedial Action 2 3 4 5 6 7 8 9 10

Alternative 1 No Action NA NA NA NA NA NA NA NA NA

Alternative 2 Limited Action (LA) LA LA LA LA LA LA LA LA LA

Alternative 3A Sitewide Monitored Natural Recovery (MNR) MNR MNR MNR NA MNR NA LA MNR MNR

Alternative 3B Enhanced Natural Recovery in Reach 3 > 10ppm MNR Thin Layer 
Placement MNR NA MNR NA LA MNR MNR

Alternative 3C Enhanced Natural Recovery in Reaches 3, 4 and 6 
> 2ppm MNR Thin Layer 

Placement
Thin Layer 
Placement NA Thin Layer 

Placement NA LA MNR MNR

Alternative 4A In Situ Containment in Reach 3 MNR Capping MNR NA MNR NA LA MNR MNR

Alternative 4B In Situ Containment in Reaches 3, 4 and 6 MNR Capping Capping NA Capping NA LA MNR MNR

Alernative 5A Dredging > 10ppm in Reach 3 MNR Partial 
Removal MNR NA MNR NA LA MNR MNR

Alternative 5B Dredging > 10ppm in Reach 3, In Situ Capping in 
Reaches 3, 4 and 6 MNR

Partial 
Removal/ 
Capping

Capping NA Capping NA LA MNR MNR

Alternative 5C Dredging > 2ppm in Reach 3 MNR Removal MNR NA MNR NA LA MNR MNR

Alternative 5D Dredging > 2ppm in Reaches 3, 4 and 6 MNR Removal Removal NA Removal NA LA MNR MNR

Alternative 6 Dredging in Reach 8 
Where Hg > 2 mg/kg and Wetland Restoration MNR MNR MNR NA MNR NA

Removal/ 
Wetland 

Restoration
MNR MNR

Alternative 7A In Situ Electrochemical Oxidation for Sediments 
in Reach 3 with Hg > 10 mg/kg MNR Partial Electro-

Chem Ox MNR NA MNR NA MNR MNR MNR

Alternative 7B In Situ Electrochemical Oxidation for Sediments 
in Reach 3 with Hg > 2 mg/kg MNR Electro-Chem 

Ox MNR NA MNR NA MNR MNR MNR

Hg = total mercury

MeHg = methylmercury

mg/kg = milligrams per kilogram

MNR = Monitored Natural Recovery
Shaded rows indicate that Alternative was not retained after the preliminary screening. 

Sudbury River Reaches



Table 11-2
Preliminary Screening of Alternatives Summary
Nyanza Chemical Waste Dump Superfund Site

Operable Unit 4 - Sudbury River
Ashland, Massachusetts

Page 1 of 2

Notes:
mg/kg = milligram per kilogram
Hg = total mercury
Shaded rows indicate that Alternative was not retained after the preliminary screening. 

NH-2423-2010 Nobis Engineering, Inc.

Alternatives Remedial Action Relative Effectiveness

Length of Time to 
Achieve Effectiveness 
without Institutional 

Controls

Technical 
Implementability

Administrative 
Implementability Relative Cost

Preliminary 
Screening 

Result

Alternative 1 No Action Poor Very Long Easy Easy, depending on 
public opinion None Retained

Alternative 2 Limited Action Moderate due to 
Institutional Controls Very Long Moderate Moderate, depending 

upon public opinion Very Low Retained

Alternative 3A Monitored Natural Recovery Moderate due to 
Institutional Controls Very Long Easy Moderate, depending 

upon public opinion Low Retained

Alternative 3B Enhanced Natural Recovery in Reach 3 
where Hg > 10 mg/kg in sediment Moderate Long Easy to Moderate Easy, depending on 

public opinion Low Retained

Alternative 3C Enhanced Natural Recovery in Reach 3, 4 
and 6 where Hg > 2 mg/kg in sediment Moderate Long Moderate Moderate, depending 

upon public opinion Low Retained

Alternative 4A In Situ Containment of Reach 3 where Hg > 2 
mg/kg in sediment Moderate to High Moderate to Long Moderate Easy Low to Moderate Retained

Alternative 4B In Situ Containment of Reaches 3, 4, and 6 
where Hg > 2 mg/kg in sediment High Moderate Moderate to Difficult Moderate Moderate Retained

Alernative 5A Sediment Removal in Reach 3 where Hg >  
10 mg/kg Moderate to High Moderate Moderate, due to 

spatial restrictions
Difficult, due to access 

restrictions Moderate to High Retained

Alternative 5B

Sediment Removal within Reach 3 where Hg 
> 10 mg/kg and In Situ Containment in 
Reaches 3, 4, and 6 where Hg > 2 mg/kg in 
sediment

High Short to Moderate
Moderate to Difficult, 

due to spatial 
restrictions

Difficult, due to access 
restrictions High Retained

Alternative 5C Sediment Removal in Reach 3 where Hg > 2 
mg/kg Moderate to High Short Moderate, due to 

spatial restrictions
Difficult, due to access 

restrictions Moderate to High Retained

Alternative 5D Sediment Removal in Reaches 3, 4, and 6 
where Hg > 2 mg/kg High Short Moderate, due to 

spatial restrictions
Difficult, due to access 

restrictions Very High Retained



Table 11-2
Preliminary Screening of Alternatives Summary
Nyanza Chemical Waste Dump Superfund Site

Operable Unit 4 - Sudbury River
Ashland, Massachusetts

Page 2 of 2

Notes:
mg/kg = milligram per kilogram
Hg = total mercury
Shaded rows indicate that Alternative was not retained after the preliminary screening. 

NH-2423-2010 Nobis Engineering, Inc.

Alternatives Remedial Action Relative Effectiveness

Length of Time to 
Achieve Effectiveness 
without Institutional 

Controls

Technical 
Implementability

Administrative 
Implementability Relative Cost

Preliminary 
Screening 

Result

Alternative 6 Sediment Removal in Reach 8 where Hg > 2 
mg/kg and Wetland Restoration Moderate Long Difficut 

Difficult due to Permiting 
Requirements and 

Access Restrictions
Extremely High Not Retained

Alternative 7A In Situ Electrochemical Oxidation for 
Sediments in Reach 3 with Hg > 10 mg/kg Low to Moderate Moderate

Difficult due to Limited 
Availability of 
Contractors

Moderate, depending 
upon public opinion High Not Retained

Alternative 7B In Situ Electrochemical Oxidation for 
Sediments in Reach 3 with Hg > 2 mg/kg Low to Moderate Short

Difficult due to Limited 
Availability of 
Contractors

Moderate, depending 
upon public opinion Very High Not Retained



NH-2423-2010 Nobis Engineering, Inc.

A. CAPITAL COSTS

Item Rate Amount Units Cost

1
Fish Consumption Advisory re-
evaluation/revision

1-a
Historical fish tissue concentration and 
species specific consumption risk 
assessment $6,000 1 LS $6,000

1-b
Coordination with MassDPH and EPA for 
advisory revision $11,250 1 LS $11,250

Subtotal (task 1-a) $17,250

Contingency 20% $3,450

TOTAL CAPITAL COSTS (PRESENT 
WORTH) $20,700

B. O&M COSTS

Item Rate Amount Units Cost
1 Five-Year Review (at Years 5, 10, 15, …) $50,000 1 LS $50,000

2
Fish Consumption Advisory Signage 
Replacement, every five years (at Years 
1, 6, 11, 16, 21, and 26)

2-a Signage replacement materials $40 56 EA $2,240
2-b Installation equipment and supply $1,000 1 LS $1,000
2-c Installation labor $1,000 10 labor-day $10,000

Subtotal (Task 2) $13,240

3

Fish Consumption Advisory Public 
Outreach/Education, every 2.5 years 
(the 1st and 3rd years of each 5-year 
period)
Labor and general supply $10,000 1 LS $10,000

Contingency 20%

Alternative 2 - Limited Action (Institutional Controls, All Reaches)

Page 1 of 2

Table 12-1
Cost Analysis - Alternative 2

Nyanza Chemical Waste Dump Superfund Site
Operable Unit 4 - Sudbury River

Ashland, Massachusetts



NH-2423-2010 Nobis Engineering, Inc.

C. SUMMARY OF COSTS

Item  Present Value

1 Capital Costs
Fish Consumption Advisory re-
evaluation/revision $20,700

2 O&M Costs

Discount rate = 7%

2-a 5-year Review
at Discount rate = 7% 46,177$            

2-b Fish Consumption Advisory Signage 
Revision, every five years

at Discount rate = 7% 40,070$            

2-c Fish Consumption Advisory Public 
Outreach/Education

at Discount rate = 7% 56,699$            

TOTAL O&M PRESENT WORTH COST 
WITH CONTINGENCY

at Discount rate = 7% $171,535

3 TOTAL PRESENT WORTH COST
at Discount rate = 7% $192,235

Alternative 2 - Limited Action (Institutional Controls, All Reaches)

Cost Analysis - Alternative 2
Nyanza Chemical Waste Dump Superfund Site

Operable Unit 4 - Sudbury River
Ashland, Massachusetts

Page 2 of 2

Yearly Undiscounted 
Cost

$10,000

$20,700

$20,000

$13,240

Table 12-1



NH-2423-2010 Nobis Engineering, Inc.

A. CAPITAL COSTS

Item Rate Amount Units Cost
1 Development of Monitoring Plan $40,000 1 LS $40,000

2 Baseline Monitoring
2-a Sampling and Lab Analytical $100,000 1 LS $100,000

2-b
Data analysis (management and 
validation) $30,000 1 LS $30,000

2-c Reporting $15,000 1 LS $15,000
2-d Project Oversight $100,000 1 LS $100,000

Subtotal (Task 2) $245,000

3

Hydro Investigation (including flow 
evaluation, pore water sampling and 
analytical, reporting, and project 
oversight) $78,000 1 LS $78,000

4 Interim HHRA Evaluation $56,353 1 LS $56,353

Subtotal (Tasks 1-4) $419,353

Contingency 20% $83,871

TOTAL CAPITAL COSTS (PRESENT 
WORTH) $503,224

B. O&M COSTS

Item Rate Amount Units Cost
1 Monitoring

1-a 5-year monitoring event (at Years 5, 15, 
25)
Sampling and Lab Analytical $50,000 1 LS $50,000
Data analysis (management and 
validation) $15,000 1 LS $15,000
Reporting $10,000 1 LS $10,000
Project Oversight $50,000 1 LS $50,000
Subtotal (Task 1-a) $125,000

1-b Monitoring
10-year monitoring event (at Years 10, 
20, 30)
Sampling and Lab Analytical $100,000 1 LS $100,000
Data analysis (management and 
validation) $30,000 1 LS $30,000
Reporting $20,000 1 LS $20,000
Project Oversight $100,000 1 LS $100,000
Subtotal (Task 1-a) $250,000

Contingency 20%

Alternative 3A - Monitored Natural Recovery

Table 12-2
Cost Analysis - Alternative 3A

Nyanza Chemical Waste Dump Superfund Site 
Operable Unit 4 - Sudbury River

Ashland, Massachusetts
Page 1 of 2



NH-2423-2010 Nobis Engineering, Inc.

C. SUMMARY OF COSTS

Item  Present Value

1 CAPITAL COSTS
Monitored Natural Recovery (MNR) $503,224

TOTAL CAPITAL COST (PRESENT 
VALUE)

$503,224

2 O&M COSTS
Discount rate = 7%

2-a Institutional Controls and 5-year Review 
(from Alt 2)

at Discount rate = 7% $171,535

2-b Monitoring
5-year events

at Discount rate = 7% $168,482
10-year events

at Discount rate = 7% $135,983

O&M present worth Subtotal
at Discount rate = 7% $476,001

Contingency 20%

TOTAL O&M PRESENT WORTH COST 
WITH CONTINGENCY

at Discount rate = 7% $571,201

3 TOTAL PRESENT WORTH COST OF 
ALTERNATIVE

at Discount rate = 7% $1,074,425

Table 12-2

Alternative 3A - Monitored Natural Recovery

Cost Analysis - Alternative 3A

Operable Unit 4 - Sudbury River
Ashland, Massachusetts

Page 2 of 2

Nyanza Chemical Waste Dump Superfund Site 

Yearly Undiscounted 
Cost

$503,224



NH-2423-2010 Nobis Engineering, Inc.

A. CAPITAL COSTS

Item Rate Amount Units Cost
1 Remedial Construction/Installation

1-a Site prep/mob/demob $200,000 1 LS $200,000

1-b Construction Equipment and Materials
Materials

Clean Sand $25 74,600 tons $1,865,000
Equipment Rental

GPS $190 210 days $39,900
conveyor $788 84 weeks $66,192
backhoe $2,038 42 weeks $85,596

terrain loader $736 42 weeks $30,912
front-end loader $2,520 42 weeks $105,840

barges (2) $5,250 42 weeks $220,500
work boat $1,050 42 weeks $44,100

Equipment fuel/maintenance
conveyor $1,200 84 weeks $100,800
backhoe $1,600 42 weeks $67,200

terrain loader $800 42 weeks $33,600
front-end loader $1,800 42 weeks $75,600

work boat $2,500 42 weeks $105,000
Subtotal (task 1-b) $2,840,240

1-c Construction Labor
conveyor operator $3,098 84 weeks $260,232
backhoe operator $2,113 42 weeks $88,746

terrain loader operator $2,033 42 weeks $85,386
front-end loader operator $2,112 42 weeks $88,704

work boat operator $4,988 42 weeks $209,496
general laborers $1,583 42 weeks $66,486

supervisor/foreman $1,699 42 weeks $71,358
Subtotal (task 1-c) $870,408

1-d Construction Quality Control
QC Scientist/Field Engineer $5,000 84 weeks $420,000

1-e Remedial Design
Pre-design and Design $384,000 1 LS $384,000

1-f Restoration $400,000 1 LS $400,000

Subtotal (Task 1) $5,114,648

Alternative 3B - Enhanced Natural Recovery in Reach 3 of Hg > 10 mg/kg and MNR

Table 12-3
Cost Analysis - Alternative 3B

Nyanza Chemical Waste Dump Superfund Site 
Operable Unit 4 - Sudbury River

Ashland, Massachusetts
Page 1 of 3



NH-2423-2010 Nobis Engineering, Inc.

A. CAPITAL COSTS

Item Rate Amount Units Cost

2

Project management and administrative 
(including safety, permitting, field office 
and home office, reporting, regulatory 
approvals) 15% $767,197

Subtotal (Tasks 1, 2) $5,881,845

Contingency 20% $1,176,369

TOTAL CAPITAL COSTS (PRESENT 
WORTH) $7,058,214

B. O&M COSTS

Item Rate Amount Units Cost

1 Remedial Construction, every 5 years
 O&M (at Years 5, 10, 15, …, 30) $116,000 1 Event $116,000

Contigency 20%

Table 12-3

Nyanza Chemical Waste Dump Superfund Site 
Operable Unit 4 - Sudbury River

Ashland, Massachusetts
Page 2 of 3

Cost Analysis - Alternative 3B

Alternative 3B - Enhanced Natural Recovery in Reach 3 of Hg > 10 mg/kg and MNR



NH-2423-2010 Nobis Engineering, Inc.

C. SUMMARY OF COSTS

Item  Present 
Value

1 Capital Costs  

1-a Enhanced Natural Recovery in Reach 3 
of Hg >2 mg/kg;  $7,058,214

1-b MNR (from Alt 3A) $503,224

TOTALCAPITAL PRESENT WORTH 
COST

$7,561,438

2 O&M Costs
Discount rate = 7%

2-a 5-year Review, Institutional Controls, 
and Monitoring (from Alt 3A)

at Discount rate = 7% $476,001

2-b Remedial Construction O&M
at Discount rate = 7% 267,828$       

O&M present worth cost subtotal
at Discount rate = 7% $743,829

Contingency 20%

TOTAL O&M PRESENT WORTH COST 
WITH CONTINGENCY

at Discount rate = 7% $892,595

3 TOTAL PRESENT WORTH COST
at Discount rate = 7% $8,454,033

Operable Unit 4 - Sudbury River
Ashland, Massachusetts

Page 3 of 3

Alternative 3B - Enhanced Natural Recovery in Reach 3 of Hg > 10 mg/kg and MNR

Cost Analysis - Alternative 3B
Table 12-3

Nyanza Chemical Waste Dump Superfund Site 

$116,000

Yearly 
Undiscounted Cost

 

$7,058,214

$503,224



NH-2423-2010 Nobis Engineering, Inc. 

A. CAPITAL COSTS

Item Rate Amount Units Cost
1 Remedial Construction/Installation

1-a Site prep/mob/demob $410,000 1 LS $410,000

1-b Construction Equipment and Materials
Materials

Clean Sand $30 194,000 tons $5,820,000
Equipment Rental

GPS $350 108 weeks $37,800
conveyor $788 216 weeks $170,208
backhoe $2,038 108 weeks $220,104

terrain loader $736 108 weeks $79,488
front-end loader $2,520 108 weeks $272,160

barges (2) $5,250 108 weeks $567,000
work boat $1,050 108 weeks $113,400

Equipment fuel/maintenance
conveyor $1,200 216 weeks $259,200
backhoe $1,600 108 weeks $172,800

terrain loader $800 108 weeks $86,400
front-end loader $1,800 216 weeks $388,800

work boat $2,500 108 weeks $270,000
Subtotal (task 1-b) $8,457,360

1-c Construction Labor
conveyor operator $3,098 216 weeks $669,168
backhoe operator $2,113 108 weeks $228,204

terrain loader operator $2,033 108 weeks $219,564
front-end loader operator $2,112 108 weeks $228,096

work boat operator $4,988 108 weeks $538,704
general laborers $1,583 216 weeks $341,928

supervisor/foreman $1,699 108 weeks $183,492
Subtotal (task 1-c) $2,409,156

1-d Construction Quality Control
QC Scientist/Field Engineer $5,000 216 weeks $1,080,000

1-e Remedial Design
Pre-design and Design $700,000 1 LS $700,000

1-f Restoration $750,000 1 LS $750,000

Subtotal (Task 1) $13,806,516

Alternative 3C - Enhanced Natural Recovery in Reaches 3, 4, and 6 of Hg > 2 mg/kg, and MNR

Table 12-4
Cost Analysis - Alternative 3C

Nyanza Chemical Waste Dump Superfund Site
Operable Unit 4 - Sudbury River

Ashland, Massachusetts
Page 1 of 3



NH-2423-2010 Nobis Engineering, Inc. 

A. CAPITAL COSTS

Item Rate Amount Units Cost

2

Project management and administrative 
(including safety, permitting, field office 
and home office, reporting, regulatory 
approvals) 15% $2,070,977

Subtotal (Tasks 1, 2) $15,877,493

Contingency 20% $3,175,499

TOTAL CAPITAL COSTS (PRESENT 
WORTH) $19,052,992

B. O&M COSTS

Item Rate Amount Units Cost

1 Remedial Construction, every 5 years
 O&M (at Years 5, 10, 15, …, 30) $250,000 1 Event $250,000

Contigency 20%

Table 12-4

Nyanza Chemical Waste Dump Superfund Site
Operable Unit 4 - Sudbury River

Ashland, Massachusetts
Page 2 of 3

Cost Analysis - Alternative 3C

Alternative 3C - Enhanced Natural Recovery in Reaches 3, 4, and 6 of Hg > 2 mg/kg, and MNR



NH-2423-2010 Nobis Engineering, Inc. 

C. SUMMARY OF COSTS

Item  Present 
Value

1 Capital Costs  

1-a Enhanced Natural Recovery in Reaches 
3, 4, 6 of Hg >2 mg/kg;  $19,052,992

1-b MNR (from Alt 3A) $503,224

TOTALCAPITAL PRESENT WORTH 
COST

$19,556,216

2 O&M Costs
Discount rate = 7%

2-a 5-year Review, Institutional Controls, 
and Monitoring (from Alt 3A)

at Discount rate = 7% $476,001

2-b Remedial Construction O&M
at Discount rate = 7% 577,216$       

O&M present worth cost subtotal
at Discount rate = 7% $1,053,217

Contingency 20%

TOTAL O&M PRESENT WORTH COST 
WITH CONTINGENCY

at Discount rate = 7% $1,263,861

3 TOTAL PRESENT WORTH COST
at Discount rate = 7% $20,820,076

Page 3 of 3

Alternative 3C - Enhanced Natural Recovery in Reaches 3, 4, and 6 of Hg > 2 mg/kg, and MNR

Table 12-4

Nyanza Chemical Waste Dump Superfund Site
Operable Unit 4 - Sudbury River

Ashland, Massachusetts

Cost Analysis - Alternative 3C

Yearly 
Undiscounted Cost

 

$19,052,992

$503,224

$250,000



NH-2423-2010 Nobis Engineering, Inc.

Alternative 4A - In Situ Containment in Reach 3 of Hg > 2 mg/kg and MNR

A. CAPITAL COSTS

Item Rate Amount Units Cost
1 Remedial Construction/Installation

1-a Site prep/mob/demob $200,000 1 LS $200,000

1-b Construction Equipment and Materials
Materials

Facility lease/insurance/security $2,500 110 weeks $275,000
Manufacturing setup/mobilization $125,000 1 LS $1,375,000

AquaBlok manufacture $180 55000 tons $9,900,000
AquaBlok transport (5 mi) $70 2750 loads $192,500

Equipment Rental
GPS $190 275 days $52,250

conveyor $788 110 weeks $86,680
backhoe $2,038 55 weeks $112,090

terrain loader $736 55 weeks $40,480
front-end loader $2,520 55 weeks $138,600

barges (2) $5,250 55 weeks $288,750
work boat $1,050 55 weeks $57,750

Equipment fuel/maintenance
conveyor $1,200 110 weeks $132,000
backhoe $1,600 55 weeks $88,000

terrain loader $800 55 weeks $44,000
front-end loader $1,800 55 weeks $99,000

work boat $2,500 55 weeks $137,500
Subtotal (task 1-b) $13,019,600

1-c Construction Labor
conveyor operator $3,098 110 weeks $340,780
backhoe operator $2,113 55 weeks $116,215

terrain loader operator $2,033 55 weeks $111,815
front-end loader operator $2,112 55 weeks $116,160

work boat operator $4,988 55 weeks $274,340
general laborers $1,583 110 weeks $174,130

supervisor/foreman $1,699 55 weeks $93,445
Subtotal (task 1-c) $1,226,885

1-d Construction Quality Control
QC Scientist/Field Engineer $5,000 110 weeks $550,000

1-e Remedial Design
Treatability studies, Pre-design and Desig $900,000 1 LS $900,000

1-f Restoration $400,000 1 LS $400,000

Subtotal (Task 1) $16,296,485

2

Project management and administrative 
(including safety, permitting, field office 
and home office, reporting, regulatory 
approvals) 15% $2,444,473

Subtotal (Tasks 1, 2) $18,740,958

Contingency 20% $3,748,192

TOTAL CAPITAL COSTS (PRESENT 
WORTH) $22,489,149

Page 1 of 2

Table 12-5
Cost Analysis - Alternative 4A

Nyanza Chemical Waste Dump Superfund Site
Operable Unit 4 - Sudbury River

Ashland, Massachusetts



NH-2423-2010 Nobis Engineering, Inc.

Alternative 4A - In Situ Containment in Reach 3 of Hg > 2 mg/kg and MNR

B. O&M COSTS

Item Rate Amount Units Cost

1 Remedial Construction, every 5 years
 O&M (at Years 5, 10, 15, …, 30) $270,000 1 Event $270,000

Contigency 20%

C. SUMMARY OF COSTS

Item  Present Value

1 Capital Costs  

1-a In-situ Containment in Reach 3 of Hg >2 
mg/kg;  $22,489,149

1-b MNR (from Alt 3A) $503,224

TOTALCAPITAL PRESENT WORTH 
COST

$22,992,373

2 O&M Costs
Discount rate = 7%

2-a 5-year Review, Institutional Controls, and 
Monitoring (from Alt 3A)

at Discount rate = 7% $476,001

2-b Remedial Construction O&M
at Discount rate = 7% 623,393$        

O&M present worth cost subtotal
at Discount rate = 7% $1,099,394

Contingency 20%

TOTAL O&M PRESENT WORTH COST 
WITH CONTINGENCY

at Discount rate = 7% $1,319,273

3 TOTAL PRESENT WORTH COST
at Discount rate = 7% $24,311,646

Table 12-5

Nyanza Chemical Waste Dump Superfund Site
Operable Unit 4 - Sudbury River

Ashland, Massachusetts

$270,000

Cost Analysis - Alternative 4A

$22,489,149

Yearly Undiscounted 
Cost

 

$503,224

Page 2 of 2



NH-2423-2010 Nobis Engineering, Inc.

Alternative 4B - In Situ Containment in Reaches 3, 4, and 6 of Hg > 2 mg/kg, and MNR

A. CAPITAL COSTS

Item Rate Amount Units Cost
1 Remedial Construction/Installation

1-a Site prep/mob/demob $500,000 1 LS $500,000

1-b Construction Equipment and Materials
Materials

Facility lease/insurance/security $2,500 223 weeks $557,500
Manufacturing setup/mobilization $125,000 1 LS $2,787,500

AquaBlok manufacture $180 111,500 tons $20,070,000
AquaBlok transport (5 mi) $70 5,575 loads $390,250

Equipment Rental
GPS $190 558 days $106,020

conveyor $788 223 weeks $175,724
backhoe $2,038 112 weeks $228,256

terrain loader $736 112 weeks $82,432
front-end loader $2,520 112 weeks $282,240

barges (2) $5,250 112 weeks $588,000
work boat $1,050 112 weeks $117,600

Equipment fuel/maintenance
conveyor $1,200 223 weeks $267,600
backhoe $1,600 112 weeks $179,200

terrain loader $800 112 weeks $89,600
front-end loader $1,800 223 weeks $401,400

work boat $2,500 112 weeks $280,000
Subtotal (task 1-b) $26,603,322

1-c Construction Labor
conveyor operator $3,098 223 weeks $690,854
backhoe operator $2,113 112 weeks $236,656

terrain loader operator $2,033 112 weeks $227,696
front-end loader operator $2,112 112 weeks $236,544

work boat operator $4,988 112 weeks $558,656
general laborers $1,583 223 weeks $353,009

supervisor/foreman $1,699 112 weeks $190,288
Subtotal (task 1-c) $2,493,703

1-d Construction Quality Control
QC Scientist/Field Engineer $5,000 223 weeks $1,115,000

1-e Remedial Design
Treatability studies, Pre-design and 
Design $1,800,000 1 LS $1,800,000

1-f Restoration $1,050,000 1 LS $1,050,000

Subtotal (Task 1) $33,562,025

2

Project management and administrative 
(including safety, permitting, field office 
and home office, reporting, regulatory 
approvals) 15% $5,034,304

Total $38,596,329

Contingency 20% $7,719,266

TOTAL CAPITAL COSTS (PRESENT 
WORTH) $46,315,595

Table 12-6
Cost Analysis - Alternative 4B

Nyanza Chemical Waste Dump Superfund Site
Operable Unit 4 - Sudbury River

Ashland, Massachusetts
Page 1 of 2



NH-2423-2010 Nobis Engineering, Inc.

Alternative 4B - In Situ Containment in Reaches 3, 4, and 6 of Hg > 2 mg/kg, and MNR

B. O&M COSTS

Item Rate Amount Units Cost

1 Remedial Construction, every 5 years
 O&M (at Years 5, 10, 15, …, 30) $550,000 1 Event $550,000

Contigency 20%

C. SUMMARY OF COSTS

Item  Present Value

1 Capital Costs  

1-a In-situ Containment in Reaches 3, 4, 6 of 
Hg >2 mg/kg;  $46,315,595

1-b MNR (from Alt 3A) $503,224

TOTALCAPITAL PRESENT WORTH 
COST

$46,818,818

2 O&M Costs
Discount rate = 7%

2-a 5-year Review, Institutional Controls, and 
Monitoring (from Alt 3A)

at Discount rate = 7% $476,001

2-b Remedial Construction O&M
at Discount rate = 7% 1,269,875$         

O&M present worth cost subtotal
at Discount rate = 7% $1,745,876

Contingency 20%

TOTAL O&M PRESENT WORTH COST 
WITH CONTINGENCY

at Discount rate = 7% $2,095,052

3 TOTAL PRESENT WORTH COST
at Discount rate = 7% $48,913,870

$550,000

Yearly 

 

$503,224

$46,315,595
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Alternative 5A - Dredging in Reach 3 of Hg > 10 mg/kg, and MNR

A. CAPITAL COSTS

Item Rate Amount Units Cost
1 Sediment Removal

1-a Site Prep/Mob/Demob $600,000 1                LS $600,000

1-b Dredging / Dewatering
Sediment Dredging $22 111,155     CY $2,445,407
Sediment Dewatering $50 111,155     CY $5,557,743
Sediment Dredging Support $18 111,155     CY $2,000,787

1-c Stabilization
Dried Sediment Stabilization $94 111,155     CY $10,448,556

1-d Disposal (Subtitle D)
Stabilized Soil Disposal (>10 mg/kg, low 
organics) $54 191,742     Ton $10,445,862

Stabilized Soil Transportation (>10 mg/kg, low 
organics) $22 191,742     Ton $4,218,327

1-e Construction Quality Control
QC Scientist/Field Engineer $10,000 13              Weeks $127,034

1-f Remedial Design
Treatability studies, Pre-design and Design $2,350,000 1                LS $2,350,000

1-g Restoration
Clean sand fill at excavation area; $9,030,000 1                LS $9,030,000
Restoration $400,000 1                LS $400,000

Subtotal $47,623,716

2
Project management and administrative 
(including safety, permitting, field office and 
home office, reporting, regulatory approvals) 15% $7,143,557

Subtotal (Tasks 1, 2) $54,767,274

Contingency 20% $10,953,455

TOTAL CAPITAL COSTS $58,577,171
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Alternative 5A - Dredging in Reach 3 of Hg > 10 mg/kg, and MNR

B. O&M COSTS

Item Rate Amount Units Cost
1 Remedial Construction, every 5 years

 O&M (at Years 5, 10, 15, …, 30) $20,000 1 Event $20,000

Contigency 20%

C. SUMMARY OF COSTS

Item  Present Value

1 Capital Costs  

1-a Sediment Removal in Reach 3 of Hg >10 mg/kg;  $58,577,171

1-b MNR (from Alt 3A) $503,224

TOTALCAPITAL PRESENT WORTH COST $59,080,394

2 O&M Costs
Discount rate = 7%

2-a 5-year Review, Institutional Controls, and 
Monitoring (from Alt 3A)

at Discount rate = 7% $476,001

2-b Remedial Construction O&M
at Discount rate = 7% 46,177$            

O&M present worth cost subtotal
at Discount rate = 7% $522,178

Contingency 20%

TOTAL O&M PRESENT WORTH COST WITH 
CONTINGENCY

at Discount rate = 7% $626,614

3 TOTAL PRESENT WORTH COST
at Discount rate = 7% $59,707,009

$58,577,171
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A. CAPITAL COSTS

Item Rate Amount Units Cost
1 Sediment Removal

1-a Site Prep/Mod/Demob
Subcontractor Mobilization $600,000 1                 Season $600,000

1-b Dredging / Dewatering
Sediment Dredging $22 111,155       CY $2,445,407
Sediment Dewatering $50 111,155       CY $5,557,743
Sediment Dredging Support $18 111,155       CY $2,000,787

1-c Stabilization
Dried Sediment Stabilization $94 111,155       CY $10,448,556

1-d Disposal (Subtitle D)
Stabilized Soil Disposal (>10 mg/kg, low organics) $54 191,742       Ton $10,445,862
Stabilized Soil Transport (>10 mg/kg, low organics) $22 191,742       Ton $4,218,327

1-e Construction Quality Control
QC Scientist/Field Engineer $5,000 223             Weeks $1,115,000

1-f Remedial Design
Treatability studies, Pre-design and Design $2,300,000 1                 LS $2,300,000

1-g Restoration
Clean sand fill at excavation area; $9,090,000 1                 LS $9,090,000
Restoration $830,000 1                 LS $830,000

Subtotal (Task 1) $49,051,682

2 Clean Sand Capping
Clean sand capping in Reaches 3, 4, and 6 of Hg > 2 
mg/kg $13,806,516 1                 LS $13,806,516

Subtotal (Tasks 1, 2) $62,858,198

3
Project management and administrative (including 
safety, permitting, field office and home office, 
reporting, regulatory approvals) 15% $9,428,730

Subtotal (Tasks 1, 2, 3) $72,286,928

Contingency 20% $14,457,386

TOTAL CAPITAL COST $86,744,313

and In-situ Containment in Reaches 3, 4, and 6 of Hg > 2 mg/kg, and MNR

Table 12-8
Cost Analysis - Alternative 5B

Nyanza Chemical Waste Dump Superfund Site 
Operable Unit 4 - Sudbury River

Ashland, Massachusetts
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B. O&M COSTS

Item Rate Amount Units Cost
1 Remedial Construction, every 5 years

 O&M (at Years 5, 10, 15, …, 30) $250,000 1 Event $250,000

Contigency 20%

C. SUMMARY OF COSTS

Item  Present Value

1 Capital Costs  

1-a Sediment Removal in Reach 3 of Hg >10 mg/kg and 
In-situ Containment in Reach 3, 4, 6 of Hg >2 mg/kg;  $86,744,313

1-b MNR (from Alt 3A) $503,224

TOTALCAPITAL PRESENT WORTH COST $87,247,537

2 O&M Costs
Discount rate = 7%

2-a 5-year Review, Institutional Controls, and Monitoring 
(from Alt 3A)

at Discount rate = 7% $476,001

2-b Remedial Construction O&M
at Discount rate = 7% 577,216$          

O&M present worth cost subtotal
at Discount rate = 7% $1,053,217

Contingency 20%

TOTAL O&M PRESENT WORTH COST WITH 
CONTINGENCY

at Discount rate = 7% $1,263,861

3 TOTAL PRESENT WORTH COST
at Discount rate = 7% $88,511,397

Table 12-8
Cost Analysis - Alternative 5B

Operable Unit 4 - Sudbury River
Ashland, Massachusetts
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$86,744,313
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A. CAPITAL COSTS

Item Rate Amount Units Cost
1 Sediment Removal

1-a Site Prep/Mob/Demob $600,000 1            LS $600,000

1-b Dredging / Dewatering
Sediment Dredging $22 160,841 CY $3,538,500

Sediment Dewatering $50 160,841 CY $8,042,045
Sediment Dredging Support $18 160,841 CY $2,895,136

1-c Stabilization
Dried Sediment Stabilization $94 103,903 CY $9,766,903

1-d Disposal (Subtitle D or Daily Cover)
Stabilized Soil Disposal (>10 mg/kg, low organics) $54 191,742 Ton $10,429,813
Stabilized Soil Disposal (<10 mg/kg, low organics) $18 85,708   Ton $1,569,577
Stabilized Soil Transport (>10 mg/kg, low organics) $22 191,742 Ton $4,218,327
Stabilized Soil Transport (<10 mg/kg, low organics) $13 85,708   Ton $1,114,209

1-e Construction Quality Control
QC Scientist/Field Engineer $10,000 27          Weeks $270,000

1-f Remedial Design
Treatability studies, Pre-design and Design $2,300,000 1            LS $2,300,000

1-g Restoration
Clean sand fill at excavation area; $25,530,000 1            LS $25,530,000
Restoration $1,200,000 1            LS $1,200,000

Subtotal (Task 1) $71,474,509

2
Project management and administrative (including 
safety, permitting, field office and home office, 
reporting, regulatory approvals) 15% $10,721,176

Subtotal (Tasks 1, 2) $82,195,685

Contingency 20% $16,439,137

TOTAL CAPITAL COSTS $98,634,823

Alternative 5C - Dredging in Reach 3 of Hg > 2 mg/kg,and MNR

Table 12-9
Cost Analysis - Alternative 5C

Nyanza Chemical Waste Dump Superfund Site 
Operable Unit 4 - Sudbury River
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B. O&M COSTS

Item Rate Amount Units Cost
1 Remedial Construction, every 5 years

 O&M (at Years 5, 10, 15, …, 30) $40,000 1 Event $40,000

Contigency 20%

C. SUMMARY OF COSTS

Item  Present Value

1 Capital Costs  
1-a Sediment Removal in Reach 3 of Hg >2 mg/kg;  $98,634,823
1-b MNR (from Alt 3A) $503,224

TOTALCAPITAL PRESENT WORTH COST $99,138,046

2 O&M Costs
Discount rate = 7%

2-a 5-year Review, Institutional Controls, and Monitoring 
(from Alt 3A)

at Discount rate = 7% $476,001

2-b Remedial Construction O&M
at Discount rate = 7% 92,355$         

O&M present worth cost subtotal
at Discount rate = 7% $568,356

Contingency 20%

TOTAL O&M PRESENT WORTH COST WITH 
CONTINGENCY

at Discount rate = 7% $682,027

3 TOTAL PRESENT WORTH COST
at Discount rate = 7% $99,820,073

Table 12-9

Nyanza Chemical Waste Dump Superfund Site 
Operable Unit 4 - Sudbury River

Ashland, Massachusetts

Cost Analysis - Alternative 5C

Yearly 
Undiscounted Cost

 
$98,634,823

$503,224
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A. CAPITAL COSTS

Item Rate Amount Units Cost
1 Sediment Removal

1-a Site Prep/Mob/Demob $600,000 1            LS $600,000

1-b Dredging / Dewatering
Sediment Dredging $22 462,505 CY $10,175,115
Sediment Dewatering $50 462,505 CY $23,125,261
Sediment Dredging Support $18 462,505 CY $8,325,094

1-c Stabilization
Dried Sediment Stabilization $94 284,441 CY $26,737,427

1-d Disposal (Subtitle D or Daily Cover)
Stabilized Soil Disposal (>10 mg/kg, low organics) $54 191,742 Ton $10,429,813
Stabilized Soil Disposal (<10 mg/kg, low organics) $18 512,096 Ton $9,378,004
Stabilized Soil Disposal (<10 mg/kg, high organics) $60 93,983   Ton $5,623,454
Stabilized Soil Transport (>10 mg/kg, low organics) $22 191,742 Ton $4,218,327
Stabilized Soil Transport (<10 mg/kg, low organics) $13 512,096 Ton $6,657,247
Stabilized Soil Transport (<10 mg/kg, high organics) $22 93,983   Ton $2,067,636

1-e Construction Quality Control
QC Scientist/Field Engineer $10,000 53          Weeks $528,577

1-f Remedial Design
Treatability studies, Pre-design and Design $7,400,000 1            LS $7,400,000

1-g Restoration
Clean sand fill at excavation area; $37,000,000 1            LS $37,000,000
Restoration $1,500,000 1            LS $1,500,000

Subtotal (Task 1) $153,765,955

2
Project management and administrative (including 
safety, permitting, field office and home office, 
reporting, regulatory approvals) 15% $23,064,893

Subtotal (Tasks 1, 2) $176,830,848

Contingency 20% $35,366,170

TOTAL CAPITAL COSTS $212,197,018

Alternative 5D - Dredging in Reaches 3, 4, 6 of Hg > 2 mg/kg,and MNR

Table 12-10
Cost Analysis - Alternative 5D

Nyanza Chemical Waste Dump Superfund Site
Operable Unit 4 - Sudbury River
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B. O&M COSTS

Item Rate Amount Units Cost
1 Remedial Construction, every 5 years

 O&M (at Years 5, 10, 15, …, 30) $80,000 1 Event $80,000

Contigency 20%

C. SUMMARY OF COSTS

Item  Present Value

1 Capital Costs  

1-a Sediment Removal in Reaches 3, 4, and 6 of Hg >2 
mg/kg;  $212,197,018

1-b MNR (from Alt 3A) $503,224

TOTALCAPITAL PRESENT WORTH COST $212,700,242

2 O&M Costs
Discount rate = 7%

2-a 5-year Review, Institutional Controls, and Monitoring 
(from Alt 3A)

at Discount rate = 7% $476,001

2-b Remedial Construction O&M
at Discount rate = 7% 184,709$       

O&M present worth cost subtotal
at Discount rate = 7% $660,710

Contingency 20%

TOTAL O&M PRESENT WORTH COST WITH 
CONTINGENCY

at Discount rate = 7% $792,852

3 TOTAL PRESENT WORTH COST
at Discount rate = 7% $213,493,094

Table 12-10
Cost Analysis - Alternative 5D

Operable Unit 4 - Sudbury River
Ashland, Massachusetts
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Nyanza Chemical Waste Dump Superfund Site

$80,000

Yearly 
Undiscounted Cost

 

$212,197,018

$503,224

Alternative 5D - Dredging in Reaches 3, 4, 6 of Hg > 2 mg/kg,and MNR



NH-2423-2010 Nobis Engineering, Inc.

  

  

  

   

   

0 Years 2 Years 2 Years 3 Years 4 Years 3 Years 4 Years 3 Years 4 Years 4 Years 5 Years

>70 Years >70 Years >70 Years <30 Years <30 Years <30 Years <30 Years <30 Years <30 Years <30 Years <30 Years

          

          

          

          

          

          

$0.0 $0.2 $1.1 $8.5 $20.8 $24.3 $48.9 $59.7 $88.5 $99.8 $213.5

Notes:    
Alt = Alternative Meets Partially Meets Fails to Meet the
TMV = Toxicity, Mobility and Volume Criteria Criteria Criteria
* Includes a 1 to 2 Year Period to Complete Remedial Design    
** Defined to mean attainment of both remedial action objectives: a) prevent consumption of contaminated fish through advisories; and b) reduction of mercury in fish to acceptable levels (except in Reach 8)

Alternatives Comparison
Nyanza Chemical Waste Dump Superfund Site

Operable Unit 4 - Sudbury River, Ashland, Massachusetts

Alt. 4A Alt. 4B Alt. 5A Alt 5B

Table 13-1

Implementability

Cost (in Millions)

Dredging > 
10ppm in 
Reach 3

State Acceptance

Long-Term Effectiveness

 

ENR in Reach 
3  > 10ppm 

ENR in 
Reaches 3, 4, 6  

> 2ppm

Reduction of TMV

Overall Protectiveness

Compliance with ARARs

Alt. 1 Alt. 2 Alt. 3A

No Action Limited Action Sitewide MNR
In Situ 

Containment in 
Reach 3

Dredging > 
2ppm in 

Reaches 3, 4 
and 6

Alt. 3CAlt. 3B Alt. 5C Alt. 5D

Community Acceptance

Short-Term Effectiveness

Dredging > 
10ppm in 

Reach 3, In 
Situ 

Containment in 
Reaches 3, 4 

and 6

Dredging > 
2ppm in Reach 

3

Comparison Criteria

In Situ 
Containment in 

Reaches 3, 4 
and 6

Timeframe to Implement *

Timeframe to Remediation Goals**

To Be Determined After Public Comment Period

To Be Determined After Public Comment Period
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FIGURE 2-2 
MERCURY CYCUNG WITHIN THE ENVIRONMENT 
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Spatial Variation in Flux Magnitude 
Due to Local Environmental Factors & Setting For Major Mercury Species 
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Figure 2-4A 
2003 – 2005 Sediment Total Hg 

Nyanza Chemical Waste Dump Superfund Site 
Operable Unit 4 – Sudbury River 

Ashland, Massachusetts 
 
 
 

 

 
Notes:   
mg/kg = milligrams per kilogram 
Hg = mercury 
Max = maximum detection  
Data adopted from:  the Supplemental Baseline and Ecological Risk Assessment (Nobis, 2008) 



Figure 2-4B 
2003 – 2005 Sediment MeHg 

Nyanza Chemical Waste Dump Superfund Site 
Operable Unit 4 – Sudbury River 

Ashland, Massachusetts 
 
 
 

 
 
Notes:   
mg/kg = milligrams per kilogram 
MeHg = methylmercury 
Max = maximum detection 
Data adopted from:  the Supplemental Baseline and Ecological Risk Assessment (Nobis, 2008) 

 

 

 

 

 

 

 

 



Figure 2-5A 
2003 – 2005 Surface Water Total Hg 

Nyanza Chemical Waste Dump Superfund Site 
Operable Unit 4 – Sudbury River 

Ashland, Massachusetts 
 
 

 
 
Notes:   
Results are unfiltered 
ng/L = nanograms per liter 
Hg = mercury 
Max = maximum detection 
Data adopted from:  the Supplemental Baseline and Ecological Risk Assessment (Nobis, 2008); and,  
  the Report Summarizing Data Collected for the Nyanza Mercury Modeling Effort (TechLaw, 2009). 
1. No data was available for Reach 6 during 2003-2005; only one sample was collected from Reach 9 and non-

detect results were obtained for all samples collected from Reaches 9 and 10 per laboratory methodology. 
 
 

 



Figure 2-5B 
2003 – 2005 Surface Water MeHg 

Nyanza Chemical Waste Dump Superfund Site 
Operable Unit 4 – Sudbury River 

Ashland, Massachusetts 
 

 
 
Notes:   
Results are unfiltered 
ng/L = nanograms per liter 
MeHg = methylmercury 
Max = maximum detection 
Data adopted from:  the Supplemental Baseline and Ecological Risk Assessment (Nobis, 2008); and,  
  the Report Summarizing Data Collected for the Nyanza Mercury Modeling Effort (TechLaw, 2009). 
1. No data was available for Reach 6 during 2003-2005; only one sample was collected from Reach 9 and non-

detect results were obtained for all samples collected from Reaches 9 and 10 per laboratory methodology. 
 

 



Figure 2-6A 
2003 – 2005 Fish Tissue Total Hg 

Nyanza Chemical Waste Dump Superfund Site 
Operable Unit 4 – Sudbury River 

Ashland, Massachusetts 
 
 
 

 
 
Notes:   
mg/kg = milligrams per kilogram 
Hg = mercury 
BH = bullhead 
YP = yellow perch 
LMB = large mouth bass 
Data adopted from the Supplemental Human Health Risk Assessment (Avatar, 2006) 



Figure 2-6B 
2003 – 2005 Fish Tissue MeHg 

Nyanza Chemical Waste Dump Superfund Site 
Operable Unit 4 – Sudbury River 

Ashland, Massachusetts 
 
 
 

 
 
 
Notes:   
mg/kg = milligrams per kilogram 
MeHg = methylmercury 
BH = bullhead 
YP = yellow perch 
LMB = large mouth bass 
Data adopted from the Supplemental Human Health Risk Assessment (Avatar, 2006) 
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FIGURE 8-2A 

REACH 3 STAGING AREA OPTIONS 
NYANZA CHEMICAL WASTE DUMP SUPERFUND SITE 

OU4 - SUDBURY RNER 
ASHLAND, MASSACHUSETTS 
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FIGURE 8-28 

REACH 4 STAGING AREA OPTIONS 
NYANZA CHEMICAL WASTE DUMP SUPERFUND SITE 

OU4 - SUDBURY RIVER ASHLAND, 
MASSACHUSETTS 

DRAWN BY: BEG APPROVED BY: BN 



Nobis Engineering, Inc. 
Tel (603) 224-4182 
Fax (603) 224-2507 
....... nobisengineering.com 

GRAPHIC SCALE 
500 250 o 250 500 - - -- --APPROXIMATE SCALE IN FEET 

FIGURE 8-2C 

REACH 6 STAGING AREA OPTIONS 
NYANZA CHEMICAL WASTE DUMP SUPERFUND SITE 

OU4 - SUDBURY RNER 
ASHLAND, MASSACHUSETTS 

DRAWN BY: BEG APPROVED BY: BN 



Notes:
1. Data displayed extracted from Table 6, Alternative 3A (Base Case) of "Volume II:  Modeling Mercury Transport and Transformation 

Along the Sudbury River, Massachusetts (USA) with Implications for Regulatory Action."  (U.S. EPA, 2010c)
2. Refer to Figure 2-1 for identification and location of the Reaches.

Ashland, Massachusetts

Alternatives 1, 2, 3A
Figure 12-1

Simulated Fish Tissue Concentrations By Alternative
Nyanza Chemical Waste Dump Superfund Site

Operable Unit 4 - Sudbury River

Data displayed extracted from Table 6, Alternative 3A (Base Case) of "Volume II:  Modeling Mercury Transport and Transformation 
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Notes:
1. Data displayed extracted from Table 7, Alternative 3B of "Volume II:  Modeling Mercury Transport and Transformation 

Along the Sudbury River, Massachusetts (USA) with Implications for Regulatory Action."  (U.S. EPA, 2010c)
2. Refer to Figure 2-1 for identification and location of the Reaches.

Ashland, Massachusetts

Figure 12-2
Alternative 3B

Simulated Fish Tissue Concentrations By Alternative
Nyanza Chemical Waste Dump Superfund Site

Operable Unit 4 - Sudbury River

Data displayed extracted from Table 7, Alternative 3B of "Volume II:  Modeling Mercury Transport and Transformation 
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Notes:
1. Data displayed extracted from Table 8, Alternative 3C of "Volume II:  Modeling Mercury Transport and Transformation 

Along the Sudbury River, Massachusetts (USA) with Implications for Regulatory Action."  (U.S. EPA, 2010c)
2. Refer to Figure 2-1 for identification and location of the Reaches.

Ashland, Massachusetts

Figure 12-3
Alternative 3C

Simulated Fish Tissue Concentrations By Alternative
Nyanza Chemical Waste Dump Superfund Site

Operable Unit 4 - Sudbury River

Data displayed extracted from Table 8, Alternative 3C of "Volume II:  Modeling Mercury Transport and Transformation 
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Notes:
1. Data displayed extracted from Table 9, Alternative 4A of "Volume II:  Modeling Mercury Transport and Transformation 

Along the Sudbury River, Massachusetts (USA) with Implications for Regulatory Action."  (U.S. EPA, 2010c)
2. Refer to Figure 2-1 for identification and location of the Reaches.

Ashland, Massachusetts

Figure 12-4
Alternative 4A

Simulated Fish Tissue Concentrations By Alternative
Nyanza Chemical Waste Dump Superfund Site

Operable Unit 4 - Sudbury River

Data displayed extracted from Table 9, Alternative 4A of "Volume II:  Modeling Mercury Transport and Transformation 
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Notes:
1. Data displayed extracted from Table 10, Alternative 4B of "Volume II:  Modeling Mercury Transport and Transformation 

Along the Sudbury River, Massachusetts (USA) with Implications for Regulatory Action."  (U.S. EPA, 2010c)
2. Refer to Figure 2-1 for identification and location of the Reaches.

Ashland, Massachusetts

Figure 12-5
Alternative 4B

Simulated Fish Tissue Concentrations By Alternative
Nyanza Chemical Waste Dump Superfund Site

Operable Unit 4 - Sudbury River

Data displayed extracted from Table 10, Alternative 4B of "Volume II:  Modeling Mercury Transport and Transformation 
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Notes:
1. Data displayed extracted from Table 11, Alternative 5A of "Volume II:  Modeling Mercury Transport and Transformation 

Along the Sudbury River, Massachusetts (USA) with Implications for Regulatory Action."  (U.S. EPA, 2010c)
2. Refer to Figure 2-1 for identification and location of the Reaches.

Ashland, Massachusetts

Figure 12-6
Alternative 5A

Simulated Fish Tissue Concentrations By Alternative
Nyanza Chemical Waste Dump Superfund Site

Operable Unit 4 - Sudbury River

Data displayed extracted from Table 11, Alternative 5A of "Volume II:  Modeling Mercury Transport and Transformation 
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Notes:
1. Data displayed extracted from Table 12, Alternative 5B of "Volume II:  Modeling Mercury Transport and Transformation 

Along the Sudbury River, Massachusetts (USA) with Implications for Regulatory Action."  (U.S. EPA, 2010c)
2. Refer to Figure 2-1 for identification and location of the Reaches.

Ashland, Massachusetts

Figure 12-7
Alternative 5B

Simulated Fish Tissue Concentrations By Alternative
Nyanza Chemical Waste Dump Superfund Site

Operable Unit 4 - Sudbury River

Data displayed extracted from Table 12, Alternative 5B of "Volume II:  Modeling Mercury Transport and Transformation 
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Notes:
1. Data displayed extracted from Table 13, Alternative 5C of "Volume II:  Modeling Mercury Transport and Transformation 

Along the Sudbury River, Massachusetts (USA) with Implications for Regulatory Action."  (U.S. EPA, 2010c)
2. Refer to Figure 2-1 for identification and location of the Reaches.

Ashland, Massachusetts

Figure 12-8
Alternative 5C

Simulated Fish Tissue Concentrations By Alternative
Nyanza Chemical Waste Dump Superfund Site

Operable Unit 4 - Sudbury River

Data displayed extracted from Table 13, Alternative 5C of "Volume II:  Modeling Mercury Transport and Transformation 
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Notes:
1. Data displayed extracted from Table 14, Alternative 5D of "Volume II:  Modeling Mercury Transport and Transformation 

Along the Sudbury River, Massachusetts (USA) with Implications for Regulatory Action."  (U.S. EPA, 2010c)
2. Refer to Figure 2-1 for identification and location of the Reaches.

Ashland, Massachusetts

Figure 12-9
Alternative 5D

Simulated Fish Tissue Concentrations By Alternative
Nyanza Chemical Waste Dump Superfund Site

Operable Unit 4 - Sudbury River

Data displayed extracted from Table 14, Alternative 5D of "Volume II:  Modeling Mercury Transport and Transformation 
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Notes:
1. Data displayed extracted from Tables 6 through 15, Alternative 6 of "Volume II:  Modeling Mercury Transport and Transformation 

Along the Sudbury River, Massachusetts (USA) with Implications for Regulatory Action."  (U.S. EPA, 2010c)
2. Refer to Figure 2-1 for identification and location of the Reaches.

Operable Unit 4 - Sudbury River
Ashland, Massachusetts

Figure 12-10
Reach 3

Simulated Fish Tissue Concentrations By Reach
Nyanza Chemical Waste Dump Superfund Site

Operable Unit 4 - Sudbury River
Ashland, Massachusetts
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Notes:
1. Data displayed extracted from Tables 6 through 15, Alternative 6 of "Volume II:  Modeling Mercury Transport and Transformation 

Along the Sudbury River, Massachusetts (USA) with Implications for Regulatory Action."  (U.S. EPA, 2010c)
2. Refer to Figure 2-1 for identification and location of the Reaches.

Ashland, Massachusetts

Figure 12-11
Reach 8

Simulated Fish Tissue Concentrations By Reach
Nyanza Chemical Waste Dump Superfund Site

Operable Unit 4 - Sudbury River
Ashland, Massachusetts
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Figure 13-1A 
WASP Model Summary - 5 Years Post-Remedial Action 

Nyanza Chemical Waste Dump Superfund Site 
Operable Unit 4 – Sudbury River 

Ashland, Massachusetts 

Notes:   
WASP = Water quality Analysis Simulation Program 
MeHg = methylmercury 
mg/kg = milligrams per kilogram 

1. Data adopted from “Volume II:  Modeling Mercury Transport and Transformation Along the Sudbury River, 
Massachusetts (USA) with Implications for Regulatory Action (EPA, 2010c)  model developed for OU4 – 
Sudbury River 

2. See Figure 2-1 for reach locations within the Sudbury River 



Figure 13-1B 
WASP Model Summary - 30 Years Post-Remedial Action 

Nyanza Chemical Waste Dump Superfund Site 
Operable Unit 4 – Sudbury River 

Ashland, Massachusetts 
 

 

Notes:   
WASP = Water quality Analysis Simulation Program 
MeHg = methylmercury 
mg/kg = milligrams per kilogram 

1. Data adopted from “Volume II:  Modeling Mercury Transport and Transformation Along the Sudbury River, 
Massachusetts (USA) with Implications for Regulatory Action (EPA, 2010c)  model developed for OU4 – Sudbury 
River 

2. See Figure 2-1 for reach locations within the Sudbury River 
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            ATLANTA   BOSTON   CHICAGO   DALLAS   DENVER   NEW YORK   OVERLAND PARK   PHILADELPHIA   SACRAMENTO   SAN FRANCISCO   SEATTLE   WASHINGTON, DC 

 

  
 
 
 
 
 
        March 24, 2009     
 
Office of Environmental Measurement and Evaluation 
US EPA - Region I 
11 Technology Drive 
North Chelmsford, Massachusetts 01863-2431 
 
To:  Mr. Bart Hoskins, EPA TOPO 
Via: Mr. Louis Macri, ESAT Program Manager 
 
Task Order No. 26 
Task No. 05 
TDF No. 1252 D 
 
Subject:  Report summarizing data collected for the Nyanza Mercury Modeling Effort 
 
Dear Mr. Hoskins,  

 The Environmental Services Assistance Team (ESAT) was tasked with summarizing several 
sampling events that have occurred in support of the mercury modeling effort for the Nyanza Chemical 
Superfund Site – Operable Unit IV (Sudbury River).  This memorandum briefly describes each sampling 
event, provides a map of the sampling locations, and summarizes the analytical results. 
 
 The task was requested by Bart Hoskins, the Task Order Project Officer (TOPO), and was 
authorized under Technical Direction Form (TDF) No. 1252 D.  The final completion date for this TDF is 
March 24, 2009.  
  
 Should you have any questions or comments, please contact Rayann Richard at (617) 918-8648 
at the EPA/OEME Biology Section, North Chelmsford, MA.   
 
 
         Sincerely, 
  
 
         Rayann Richard 
         Environmental Scientist 

  TechLaw, Inc./ESAT 
 
 

175 Cabot Street, Suite 415 
Lowell, MA 01854-3650 
978-275-9730  
978-275-9489 FAX 
www.techlawinc.com 
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INTRODUCTION 

The Environmental Services Assistance Team (ESAT) was tasked with summarizing several sampling 
events that have occurred in support of the mercury modeling effort for the Nyanza Chemical Superfund 
Site – Operable Unit IV (Sudbury River).  This memorandum briefly describes each sampling event, 
provides a map of the sampling locations, and summarizes the analytical results.  Table A provides an 
overview of the ten reaches and reference areas that were studied from 2003 to 2008.  All of the sampling 
events are summarized below in chronological order and by media type (i.e., sediment, surface water).   

Table A. List of Areas sampled between 2003 and 2008 

Sample Areas River Reach 

Sudbury Reservoir (Reference) Sudbury Reservoir 

Charles River (Reference) Charles River 

Reach 1 (Reference)  Sudbury River 

Reach 2 Sudbury River 

Reach 3  Sudbury River - Reservoir # 2 

Reach 4 Sudbury River - Reservoir # 1 

Reach 5 Sudbury River 

Reach 6 Sudbury River - Saxonville Reservoir 

Reach 7 Sudbury River 

Reach 8 Sudbury River - Great Meadows National Wildlife Refuge 

Reach 9 Sudbury River - Fairhaven Bay 

Reach 10 Sudbury River 

 

SUMMARY OF SAMPLING EVENTS 2003-2008 

2003 Surface Sediment and Core Data 

A total of 178 surface sediments samples (0-5 cm) were collected in October of 2003.  All sediment 
samples were analyzed for total mercury (Hg), methyl Hg (MeHg), and Total Organic Carbon (TOC).  
Three sediment cores were also collected in October 2003; one from Reservoir 2 in an area with 
historically high Hg levels and two from the Charles River reference area. Four depth intervals (0-3 cm, 3-
6 cm, 6-9 cm, and 9-12 cm) were sampled from each core to evaluate changes in Hg concentrations at 
depth.  The surface sediment data are summarized in Table 1 and the sediment core data are 
summarized in Table 2.  Figures 1, 2, 3, 3A, 3B, 4, 5, 5A, 6, 7, 8, 9, 10, 11, and 12 show the sediment 
sampling locations.   
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Important note: Sample IDs for sediment samples collected in 2003 and 2005 contain useful information 
about the sample.  See the diagram below for an example. 

 
SD Sample ID 

S3-0-SDXX0005-0-031007-0005 
 
 

 

 

2003 Surface Water Data 

Seventy surface water samples were collected from locations that were either in the flowing or riparian 
wetland reaches of the Sudbury River and the Charles River.  Samples were collected by wading or from 
a boat.  Water was collected at a depth of about 20 cm and analyzed for unfiltered total Hg and MeHg.  
The surface water data are summarized in Table 3.  Figures 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12 show 
the surface water sampling locations. 
 

2005 Surface Sediment Data 

Surface Sediment samples (0-5 cm) were collected along eight transects in Reservoir 2 and at one 
discrete sample (S3-3-SDXX0001-0-051011-0005) collected from the cove area to the right of the dam on 
November 11, 2005.  Five surface sediment samples were collected along each of the eight transects.  All 
five samples were composited and an aliquot was analyzed for total Hg, MeHg, and TOC.  Four discrete 
surface sediment samples were collected from Heard Pond on November, 12, 2005. These samples were 
also analyzed for total Hg, MeHg, and TOC. The surface sediment data are summarized in Table 4.   
Figure 3 shows the discrete sample collected in the embayment, Figure 3C shows the Reservoir 2 
transect locations and Figure 7 shows the Heard Pond sample locations. 
 

2005 Sediment Core Data 

Sediment cores were collected on December 5 and 6, 2005 and on December 12, 2005.  Three sediment 
cores were collected along three transects in the Sudbury River at the Great Meadows National Wildlife 
Refuge (GMNWR) on December 5 and 6, 2005 and eleven sediment cores were collected on December 
12, 2005.  Eight of the eleven sediment cores were collected from the center of the eight transects in 
Reservoir 2.  The three remaining cores (not from transects) were collected along the Sudbury River.  
Each sediment core was cut into four sections (0-5 cm, 5-10 cm, 10-15 cm, and 15-20 cm).  A portion of 
each core section was analyzed for total Hg, MeHg, TOC, and grain size.  The 0-5 cm layer of these 
cores consisted mostly of decomposing organic material.  Sediment core data are summarized in Table 5 
and grain size results are in Table 6.  Figures 3C and 3D show the Reservoir 2 core locations and grain 
size and Figures 7A, 7B, 8A and 8B show the Sudbury River and GMNWR core locations. 

 

2005-2008 Low-Level Mercury Sampling Effort 

Surface water, sediment, plankton (combination of phyto- and zooplankton), and small fish tissue 
samples were collected from Reservoir 2, Reservoir 1, and GMNWR for total Hg and MeHg analysis.  
Sampling started in 2005 and stopped in the Fall of 2008.  Surface water and plankton samples collected 
in 2005 and 2006 helped develop a low-level Hg surface water and plankton sampling technique and 
general sampling protocol.  Low-level Hg sampling events based on the general sampling protocol were 
conducted in May 2007, June 2007, July 2007, September 2007, October 2007, March 2008, and June 
2008. 
 
Surface water 
Three surface water samples from Reservoir 2 and GMNWR and two surface water samples from 
Reservoir 1 were collected during each of the low-level Hg sampling events.  Surface water samples were 
collected using a peristaltic pump to simulate continuous flow conditions.  The “clean hands - dirty hands” 
(CH-DH) sampling technique was used to minimize sample contamination.  Surface water data are 
summarized in Table 7.  Figures 13 and 13A show the surface water sampling locations. 

Site ID Sub-Site ID Medium Sample Number Sample or Duplicate Date (year/month/day) Depth (cm)
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Plankton  
Two plankton samples were collected at one of the surface water sampling locations along Reservoir 1, 
Reservoir 2, and GMNWR during each low-level Hg sampling event.  One plankton sample was submitted 
for total Hg and MeHg analyses and the other was retained for future taxonomic identification.  The CH-
DH sampling technique was used to minimize sample contamination.  Plankton data are summarized in 
Table 7.  Plankton samples were collected at the middle station for Reservoir 1 (S3-SW-2) and GMNWR 
(S8-SW2) and either S4-SW1or S4-SW2 for Reservoir 2.  Figures 13 and 13A show the plankton 
sampling locations. 
 
Sediment  
Sediment samples were collected in September 2008.  The goal was to collected sediment within the 
weeks of surface water and fish sampling, all in similar locations.  Eight surface sediment samples (0-
5cm) with two duplicates were collected.  Sediment samples were analyzed for total Hg and MeHg.  The 
sediment sampling locations correspond to the surface water sampling locations.  Sediment data are 
summarized in Table 8.  Figures 14 and 14B show the sediment sampling locations. 
 
Fish 
EPA and ESAT collected 64 yellow perch and 39 largemouth bass samples in reaches 3, 9, and 10 of the 
Sudbury River on June 5 and 11, 2008.  Target areas were the same as water and sediment (see 
Figures 13 and 13A).  Fish samples were collected and processed in accordance with the original Quality 
Assurance Project Plan (QAPP) for the Nyanza OU IV site prepared by Avatar Environmental.  Otoliths 
and scales were removed from the perch and bass and were stored until sent to Philadelphia Academy of 
Natural Sciences, Philadelphia, PA for aging.  The bass had one fillet removed; their stomach contents 
were examined and recorded when recognizable. Frozen bass fillets and frozen whole body perch were 
shipped to Brooks Rand Laboratory (BRL) Seattle, WA for total Hg analysis.  Fish data are summarized in 
Table 9.   

2008 Soil Samples 
Soil samples were collected from eight different locations using a plastic disposable scoop at each 
location.  These samples were collected to provide the model with information regarding watershed soils.   
Each soil sample was a composite of 4 or more surface soil grab samples (0-6”).  The grab samples were 
homogenized and an aliquot was analyzed for total Hg and MeHg.  Table B provides details about the 
property around each soil sample.  Soil data are summarized in Table 10.  Figure 15 shows the soil 
sampling locations. 
 

Table B. Soil sample locations details 

Sample Location Property Details 

Location 1 
Large State-owned property, mixed open field and trees.  Sample is a 
composite grab near the shore of Reservoir #1, in a stand of mature white 
pines.  No sign of recent development in immediate area 

Location 2 
Fountain Street on western shore of Reservoir #2 in Framingham.  Sample 
was taken in the 20' buffer zone for the reservoir, in an open grassy area 
adjacent to shore. 

Location 3 

Pleasant Street in Ashland, MA, upstream of the Nyanza site.  Sample was 
taken in the "back yard" of a VFW Hall near the Ashland Commuter rail station.  
The sample location is near the River's edge, in sparse shrubs.  Evidence of 
urban fill nearby.  Entire area is fairly developed. 

Location 4 

In a wetland edge behind Wayland High School.  The sample location is in the 
wetland that separates the school fields from the River in the vicinity of Heard 
Pond, but on the opposite shore.  Area may very occasionally be flooded with 
Sudbury River water during extreme high water. 

Location 5 
Carol Gretchell Nature Trail in Saxonville (part of Framingham, off Sudbury 
Landing Road.  This area is near a new development, and while in protected 
land, may have seen some development in the past. 

Location 6 Off Route 20 in Wayland/Sudbury area, off the access road to the 
Sudbury/Wayland town dump.  Area is wooded.  Trees are mature indicating 
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Sample Location Property Details 
no recent development 

Location 7 
Great Meadows National Wildlife Refuge - on a hill above Refuge 
Headquarters ramp.  Wooded area with little understory - above high water 
and presumably representative of upland soils in Refuge areas 

Location 8 
Off Route 117 in Wayland, in mixed pine/oak/maple forested area 
approximately 100 yards off Route 117 which serves as a canoe access point.  
Soil is 1-2" of organic material over glacial fine sand. 

2008 Total Suspended Solids Sampling  
Water samples were collected for Total Suspended Solids (TSS) analysis from 34 segments in the 
Sudbury River.  Sampling was performed over four days in November, 2008 (11/11/08, 11/12/08, 
11/13/08 and 11/18/08).  An effort was made to collect water samples in the middle of each segment to 
stay consistent.  GPS coordinates, site accessibility, water quality parameters and pictures were taken or 
recorded for each of the 34 segments when possible.  Segments 8 and 21 were resampled after a 
weekend of rain in order to compare them to the TSS results of the same sites sampled before rain. 
Water quality parameters were taken at sites 1-7, but were lost due to an unexpected circumstance. 
Water quality parameters were not measured at sites 8 and 9 due to time constraints or at sites 10 to 20 
because the water was too shallow.  Note also that when analyzing for TSS, 800 mL of water was 
analyzed instead of 400mL as was done in the past, to avoid non-detects.  The TSS results are 
summarized in Table 11.  Figure 16 shows the surface water sampling locations. 
 
CONCLUSION 
 
Several sampling events have been conducted in support of the mercury modeling effort for the Nyanza 
Chemical Superfund Site – Operable Unit IV (Sudbury River).  All of the analytical results and maps 
associated with these sampling events between 2003 and 2008 have been compiled in order to provide 
organized and concise data summary. 



Table 1
2003 Surface Sediment Data Summary

Nyanza Chemical Superfund Site
Ashland, MA

Sample ID
Sample 

Date Site
River 
Reach

River
Segment

Medium
Type

Depth 
Interval 

(cm)
QC 

Type
Percent 
Solids Comment

CR-0-SDCR0001-0-031014-0003 031014 CR Charles River Charles River Core 0003 -- 314.5 J 1.891 J 52600 26.55
CR-0-SDCR0002-0-031014-0003 031014 CR Charles River Charles River Core 0003 -- 191.3 2.096 46100 30.01
CR-0-SDXX0001-0-031014-0005 031014 CR Charles River Charles River Reach 0005 -- 270.3  1.03  23700 38.84 MUCK

CR-0-SDXX0002-0-031014-0005 031014 CR Charles River Charles River Reach 0005 -- 197.4  1.664  17400 42.80
DUPLICATE COLLECTED; HEAVY VEGETATION; 
MUCK

CR-0-SDXX0002-1-031014-0005 031014 CR Charles River Charles River Reach 0005 FD 138.8  1.205  21800 45.91 DUPLICATE SAMPLE; HEAVY VEGETATION; MUCK
CR-0-SDXX0003-0-031014-0005 031014 CR Charles River Charles River Reach 0005 -- 220.4  1.552  24700 36.47 SILT
CR-0-SDXX0004-0-031014-0005 031014 CR Charles River Charles River Reach 0005 -- 154.1  1.188  25100 42.43 SILT/MUCK (50/50 SPLIT)
CR-0-SDXX0005-0-031014-0005 031014 CR Charles River Charles River Reach 0005 -- 340.9 J 1.807 J 45900 23.47 MUCK
S0-0-SDXX0001-0-031008-0005 031008 S0 Reach 10 North of 34 Reach 0005 -- 420.7  2.11  27500 44.45
S0-0-SDXX0002-0-031008-0005 031008 S0 Reach 10 North of 34 Reach 0005 -- 75.42  0.448  10900 66.56
S0-0-SDXX0003-0-031008-0005 031008 S0 Reach 10 North of 34 Reach 0005 -- 405.4 J 4.571 J 40400 25.16
S0-0-SDXX0004-0-031008-0005 031008 S0 Reach 10 North of 34 Reach 0005 -- 514.7  1.743  41600 31.67
S0-0-SDXX0005-0-031008-0005 031008 S0 Reach 10 North of 34 Reach 0005 -- 205  0.898  6200 L 53.66
S0-0-SDXX0006-0-031008-0005 031008 S0 Reach 10 North of 34 Reach 0005 -- 53.73 JEB 0.161 J 107500 29.22
S0-0-SDXX0006-1-031008-0005 031008 S0 Reach 10 North of 34 Reach 0005 FD 53.5 JEB 0.183 J 98000 27.85
S0-0-SDXX0007-0-031008-0005 031008 S0 Reach 10 North of 34 Reach 0005 -- 861.2 J 2.976 J 95400 15.56
S0-0-SDXX0008-0-031008-0005 031008 S0 Reach 10 North of 34 Reach 0005 -- 1508 J 5.426 J 118000 20.09
S0-0-SDXX0009-0-031008-0005 031008 S0 Reach 10 North of 34 Reach 0005 -- 177  0.87  14500 37.80
S0-0-SDXX0010-0-031009-0005 031009 S0 Reach 10 North of 34 Reach 0005 -- 1114 J 3.286 J 108000 12.75
S1-0-SDXX0001-0-031007-0005 031007 S1 Reach 1 Reach 0005 -- 232 1.38 80000 J 30.93 1/2 SILT, 1/2 DETRITUS
S1-0-SDXX0002-0-031007-0005 031007 S1 Reach 1 Reach 0005 -- 322 J 1.6 J 100000 J 26.84 MUCK
S1-0-SDXX0003-0-031007-0005 031007 S1 Reach 1 Reach 0005 -- 383 4.22 J 80000 J 38.36 DETRITUS/MUCK
S1-0-SDXX0004-0-031007-0005 031007 S1 Reach 1 Reach 0005 -- 3150 J 1.79 J 100000 J 16.45 DETRITUS/MUCK

S1-0-SDXX0005-0-031007-0005 031007 S1 Reach 1 Reach 0005 -- 130 J 5.98 J 100000 J 12.33
DETRITUS/MUCK; DUPLICATES TAKEN FOR Hg AND 
TOC

S1-0-SDXX0005-1-031007-0005 031007 S1 Reach 1 Reach 0005 FD 129 J 3.73 J 200000 J 13.50
DETRITUS/MUCK; DUPLICATES TAKEN FOR Hg AND 
TOC

S2-0-SDXX0001-0-031008-0005 031008 S2 Reach 2 Reach 0005 -- 493.6 J 2.495 J 98100 16.39 SILT
S2-0-SDXX0002-0-031008-0005 031008 S2 Reach 2 Reach 0005 -- 532.5 J 2.688 J 95100 17.71 SILT
S2-0-SDXX0003-0-031008-0005 031008 S2 Reach 2 Reach 0005 -- 347.5  4.148  35500 44.60 MUCK
S2-0-SDXX0004-0-031008-0005 031008 S2 Reach 2 Reach 0005 -- 375.1  2.197  34300 45.06 SILT
S2-1-SDXX0001-0-031015-0005 031015 S2 Reach 2 Reach 0005 -- 15.8 0.041 UJ 22500 75.12 ROCKY BOTTOM; SAND
S2-1-SDXX0002-0-031015-0005 031015 S2 Reach 2 Reach 0005 -- 5.17 0.023 U 6410 U 85.18 ROCKY BOTTOM; SAND
S2-2-SDXX0001-0-031008-0005 031008 S2 Reach 2 1 Reach 0005 -- 9649  8.11  43600 39.58 MUCK/DETRITUS
S2-2-SDXX0002-0-031008-0005 031008 S2 Reach 2 Just before 1 Reach 0005 -- 4306 J 9.497 J 71300 21.69 SILT
S2-2-SDXX0003-0-031008-0005 031008 S2 Reach 2 Reach 0005 -- 6927 J 17.47 J 57000 20.21 MUCK/DETRITUS
S2-2-SDXX0004-0-031008-0005 031008 S2 Reach 2 Reach 0005 -- 1664 J 9.19 J 36400 24.70 MUCK
S2-2-SDXX0005-0-031008-0005 031008 S2 Reach 2 Reach 0005 -- 65.44  0.356  9900 72.74 SANDY; DUPLICATE A
S2-2-SDXX0005-1-031008-0005 031008 S2 Reach 2 Reach 0005 FD 57.27  0.318  6200 L 70.02 SANDY; DUPLICATE B
S2-2-SDXX0006-0-031008-0005 031008 S2 Reach 2 Reach 0005 -- 11.09  0.043 J 26700 78.27 90% GRAVEL/SAND
S3-1-SDCR0001-0-031010-0003 031010 S3 Reach 3 3 Core 0003 -- 3450 J 7.766 J 43700 13.65
S3-1-SDFA0001-0-031017-0005 031017 S3 Reach 3 2 Focus Area 0005 -- 8957 J 10.53 J 80800 20.80 SEDIMENT: SILT
S3-1-SDFA0002-0-031017-0005 031017 S3 Reach 3 2 Focus Area 0005 -- 1243 1.608 21700 39.74 SEDIMENT: SILT
S3-1-SDFA0003-0-031017-0005 031017 S3 Reach 3 2 Focus Area 0005 -- 5414 8.875 49800 30.31 SEDIMENT: SILT
S3-1-SDFA0004-0-031017-0005 031017 S3 Reach 3 2 Focus Area 0005 -- 4423 J 5.052 J 204000 11.62 SEDIMENT: SILT/MUCK/DETRITUS
S3-1-SDFA0005-0-031017-0005 031017 S3 Reach 3 2 Focus Area 0005 -- 4002 J 7.529 J 42300 24.04 SEDIMENT: DETRITUS/SILT, DUPLICATE A
S3-1-SDFA0005-1-031017-0005 031017 S3 Reach 3 2 Focus Area 0005 FD 4328 J 7.819 J 38700 23.66 SEDIMENT: DETRITUS/SILT, DUPLICATE B

S3-1-SDFA0006-0-031017-0005 031017 S3 Reach 3 2 Focus Area 0005 -- 492.9 0.566 17900 75.47 SEDIMENT: MUCK AND SILT, NOTE: ROCKY BOTTOM
S3-1-SDFA0007-0-031017-0005 031017 S3 Reach 3 6 Focus Area 0005 -- 913.8 1.313 6370 U 66.86 SEDIMENT: SAND/SILT
S3-1-SDFA0008-0-031017-0005 031017 S3 Reach 3 2 Focus Area 0005 -- 493.4 J 0.826 J 27200 28.58 SEDIMENT: SAND/SILT

S3-1-SDFA0009-0-031017-0005 031017 S3 Reach 3 2 Focus Area 0005 -- 544.5 0.551 15400 72.54
SEDIMENT: SAND/SILT WITH LEAVES, NOTE: ROCKY 
BOTTOM

S3-1-SDFA0010-0-031017-0005 031017 S3 Reach 3 1 Focus Area 0005 -- 2561 6.34 25400 40.22 SEDIMENT: DETRITUS

S3-1-SDFA0011-0-031017-0005 031017 S3 Reach 3 1 Focus Area 0005 -- 1885 J 7.046 J 45300 17.03

HAD TO MOVE SAMPLE BECAUSE THERE WAS NO 
TRUE SEDIMENT AT DESIGNATED LOCATION, 
SEDIMENT: DETRITUS/SILT

Total Mercury
(ug/kg, dry wt)

Methyl Mercury
(ug/kg, dry wt)

TOC
mg/kg

G:\ALLSHARE\ESATBIO\NYANZA\QAPP addendum\Low Level Mercury Sampling\TDF # 1252 - Data Summary\
TDF 1252 Data summary Tables.xls2003 SD 0-5 1 of 18



Table 1
2003 Surface Sediment Data Summary

Nyanza Chemical Superfund Site
Ashland, MA

Sample ID
Sample 

Date Site
River 
Reach

River
Segment

Medium
Type

Depth 
Interval 

(cm)
QC 

Type
Percent 
Solids Comment

Total Mercury
(ug/kg, dry wt)

Methyl Mercury
(ug/kg, dry wt)

TOC
mg/kg

S3-1-SDFA0012-0-031017-0005 031017 S3 Reach 3 1 Focus Area 0005 -- 239.7 0.396 18400 73.00 SEDIMENT: SAND/GRAVEL, NOTE: ROCKY BOTTOM
S3-1-SDFA0013-0-031017-0005 031017 S3 Reach 3 1 Focus Area 0005 -- 3081 J 7.88 J 71100 19.67 SEDIMENT: SILTY MUCK AND DETRITUS

S3-1-SDFA0014-0-031017-0005 031017 S3 Reach 3 1 Focus Area 0005 -- 4265 J 8.186 J 121000 20.40

HAD TO MOVE LOCATION AGAIN DUE TO LACK OF 
SEDIMENT, NOTE: ROCKY BOTTOM, SEDIMENT: 
SILT/DETRITUS

S3-1-SDFA0015-0-031017-0005 031017 S3 Reach 3 1 Focus Area 0005 -- 2358 J 6.45 J 48100 22.48
S3-1-SDXX0001-0-031010-0005 031010 S3 Reach 3 2 Reach 0005 -- 2455 J 4.036 J 100000 J 16.13
S3-1-SDXX0002-0-031010-0005 031010 S3 Reach 3 2 Reach 0005 -- 2534.3 J 4.538 J 100000 J 16.77 SILTY MUCK
S3-1-SDXX0003-0-031010-0005 031010 S3 Reach 3 2 Reach 0005 -- 2318.6 J 3.103 J 100000 J 25.36
S3-1-SDXX0004-0-031010-0005 031010 S3 Reach 3 2 Reach 0005 -- 1320.8 2.06 40000 J 51.94 SANDY SILT
S3-1-SDXX0005-0-031010-0005 031010 S3 Reach 3 2 Reach 0005 -- 2587.5 J 4.62 J 100000 J 16.58 SILTY MUCK
S3-2-SDXX0001-0-031010-0005 031010 S3 Reach 3 4 Reach 0005 -- 9087 J 2.637 J 100000 J 12.82
S3-2-SDXX0002-0-031010-0005 031010 S3 Reach 3 4 Reach 0005 -- 11240 J 3.338 J 100000 J 15.49
S3-2-SDXX0003-0-031010-0005 031010 S3 Reach 3 4 Reach 0005 -- 10760 J 4.147 J 90000 J 19.05
S3-2-SDXX0004-0-031010-0005 031010 S3 Reach 3 4 Reach 0005 -- 6952 J 5.283 J 90000 J 18.93
S3-2-SDXX0004-1-031010-0005 031010 S3 Reach 3 4 Reach 0005 FD 9063 J 5.409 J 90000 J 16.86
S3-2-SDXX0005-0-031010-0005 031010 S3 Reach 3 3 Reach 0005 -- 5298 J 2.877 J 100000 J 17.31
S3-2-SDXX0006-0-031010-0005 031010 S3 Reach 3 3 Reach 0005 -- 4835 J 4.851 J 100000 J 18.45
S3-2-SDXX0007-0-031010-0005 031010 S3 Reach 3 3 Reach 0005 -- 3821 J 4.487 J 100000 J 16.07
S3-2-SDXX0008-0-031010-0005 031010 S3 Reach 3 3 Reach 0005 -- 5473 J 5.731 J 100000 J 17.45
S3-3-SDXX0001-0-031010-0005 031010 S3 Reach 3 5 Reach 0005 -- 27690 J 7.482 J 90000 J 15.37
S3-3-SDXX0002-0-031010-0005 031010 S3 Reach 3 5 Reach 0005 -- 20000 J 6.447 J 70000 J 22.80
S3-3-SDXX0003-0-031010-0005 031010 S3 Reach 3 5 Reach 0005 -- 44880 J 20.67 J 90000 J 15.53
S3-3-SDXX0004-0-031010-0005 031010 S3 Reach 3 5 Reach 0005 -- 26900 J 7.495 J 90000 J 14.81
S3-3-SDXX0005-0-031010-0005 031010 S3 Reach 3 5 Reach 0005 -- 28020 J 7.62 J 100000 J 14.83
S3-3-SDXX0006-0-031010-0005 031010 S3 Reach 3 5 Reach 0005 -- 21100 J 8.179 J 100000 J 15.65
S3-3-SDXX0007-0-031010-0005 031010 S3 Reach 3 5 Reach 0005 -- 36800 J 10.47 J 90000 J 16.91
S3-3-SDXX0008-0-031010-0005 031010 S3 Reach 3 5 Reach 0005 -- 16910 J 6.339 J 90000 J 16.09
S4-0-SDXX0001-0-031013-0005 031013 S4 Reach 4 7 Reach 0005 -- 8420 J 2.979 J 49000 27.29 SILT
S4-0-SDXX0002-0-031013-0005 031013 S4 Reach 4 7 Reach 0005 -- 7579 J 2.18 J 110000 19.95 SILT
S4-0-SDXX0003-0-031013-0005 031013 S4 Reach 4 7 Reach 0005 -- 1950 J 1.826 J 75500 20.15 SILT
S4-0-SDXX0004-0-031013-0005 031013 S4 Reach 4 7 Reach 0005 -- 2094  0.686  37600 48.71 SILT
S4-0-SDXX0005-0-031013-0005 031013 S4 Reach 4 7 Reach 0005 -- 7548 J 2.437 J 57000 26.92 SILT
S4-0-SDXX0006-0-031013-0005 031013 S4 Reach 4 7 Reach 0005 -- 8105 J 2.151 J 111000 14.46 SILT
S4-0-SDXX0007-0-031013-0005 031013 S4 Reach 4 7 Reach 0005 -- 15640 J 3.267 J 66800 23.14 SILT; DUPLICATE COLLECTED
S4-0-SDXX0007-1-031013-0005 031013 S4 Reach 4 7 Reach 0005 FD 14450 J 3.236 J 67000 23.30 SILT; DUPLICATE COLLECTED
S4-0-SDXX0008-0-031013-0005 031013 S4 Reach 4 7 Reach 0005 -- 4790  1.118  20700 35.70 SILT
S4-0-SDXX0009-0-031013-0005 031013 S4 Reach 4 7 Reach 0005 -- 13310 J 4.045 J 71400 26.45 SILT
S4-0-SDXX0010-0-031013-0005 031013 S4 Reach 4 7 Reach 0005 -- 2802 J 0.958 J 53300 24.73 SILT

S4-0-SDXX0011-0-031013-0005 031013 S4 Reach 4 6 Reach 0005 -- 822.4 J 1.367 J 70500 19.09 SILT; SAMPLE TAKEN AMONG HEAVY VEGETATION
S5-1-SDFA0001-0-031016-0005 031016 S5 Reach 5 8 Focus Area 0005 -- 84.8 0.17  35100 80.03 SAND/GRAVEL
S5-1-SDFA0002-0-031016-0005 031016 S5 Reach 5 8 Focus Area 0005 -- 97.8 0.034 J 6370 U 86.56 SAND/GRAVEL
S5-1-SDFA0003-0-031016-0005 031016 S5 Reach 5 8 Focus Area 0005 -- 132 0.406  6880 75.09 GRAVEL/LITTLE SILT
S5-1-SDFA0004-0-031016-0005 031016 S5 Reach 5 8 Focus Area 0005 -- 431 3.59 20500 44.55 SAND/GRAVEL
S5-1-SDFA0005-0-031016-0005 031016 S5 Reach 5 8 Focus Area 0005 -- 97.6 0.037 J 6670 U 80.45 SAND/GRAVEL; DUPLICATE A
S5-1-SDFA0005-1-031016-0005 031016 S5 Reach 5 8 Focus Area 0005 FD 74.3 0.025 U 6850 U 81.29 SAND/GRAVEL; DUPLICATE B
S5-1-SDFA0006-0-031016-0005 031016 S5 Reach 5 8 Focus Area 0005 -- 800 J 5.29 J 21100 25.13 MUCK/SAND
S5-1-SDFA0007-0-031016-0005 031016 S5 Reach 5 8 Focus Area 0005 -- 67.8 0.076 7040 U 80.55 MUCK/SAND
S5-1-SDFA0008-0-031016-0005 031016 S5 Reach 5 8 Focus Area 0005 -- 100 0.071  6800 U 85.73 SAND/GRAVEL
S5-1-SDFA0009-0-031016-0005 031016 S5 Reach 5 8 Focus Area 0005 -- 1990 J 4.91 J 20600 29.15 MUCK
S5-1-SDFA0010-0-031016-0005 031016 S5 Reach 5 8 Focus Area 0005 -- 188 1.84 10100 49.01 DETRITUS/SAND
S5-1-SDFA0011-0-031016-0005 031016 S5 Reach 5 8 Focus Area 0005 -- 84.4 0.036 UJ 6290 U 82.55 SAND/GRAVEL
S5-1-SDFA0012-0-031016-0005 031016 S5 Reach 5 8 Focus Area 0005 -- 188 0.028 UJ 6410 U 81.76 SAND/GRAVEL
S5-1-SDFA0013-0-031016-0005 031016 S5 Reach 5 8 Focus Area 0005 -- 72.3 0.033 UJ 7270 79.98 SAND/GRAVEL
S5-1-SDFA0014-0-031016-0005 031016 S5 Reach 5 8 Focus Area 0005 -- 46.4 0.026 U 6790 77.58 SAND/GRAVEL
S5-1-SDFA0015-0-031016-0005 031016 S5 Reach 5 8 Focus Area 0005 -- 34.7 0.084 6490 U 84.62 GRAVEL/SAND
S5-2-SDXX0001-0-031009-0005 031009 S5 Reach 5 13 Reach 0005 -- 941.4 J 1.628 J 73600 23.90 MUCK
S5-2-SDXX0002-0-031009-0005 031009 S5 Reach 5 12 Reach 0005 -- 171.7 J 0.767 J 53700 46.95 MUCK
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Table 1
2003 Surface Sediment Data Summary

Nyanza Chemical Superfund Site
Ashland, MA

Sample ID
Sample 

Date Site
River 
Reach

River
Segment

Medium
Type

Depth 
Interval 

(cm)
QC 

Type
Percent 
Solids Comment

Total Mercury
(ug/kg, dry wt)

Methyl Mercury
(ug/kg, dry wt)

TOC
mg/kg

S5-2-SDXX0003-0-031009-0005 031009 S5 Reach 5 11 Reach 0005 -- 1830 J 2.873 J 35100 38.63 SILT; DUPLICATE A
S5-2-SDXX0003-1-031009-0005 031009 S5 Reach 5 11 Reach 0005 FD 3200 J 8.118 J 46200 32.52 SILT; DUPLICATE B
S5-2-SDXX0004-0-031009-0005 031009 S5 Reach 5 10 Reach 0005 -- 1110 J 2.888 J 26000 41.21 DETRITUS/MUCK
S5-2-SDXX0005-0-031009-0005 031009 S5 Reach 5 9 Reach 0005 -- 43.26 J 0.214 J 28900 73.50 GRAVEL
S5-3-SDXX0001-0-031008-0005 031008 S5 Reach 5 14 Reach 0005 -- 1670 J 4.77 J 88300 19.17 SILT
S5-3-SDXX0002-0-031008-0005 031008 S5 Reach 5 14 Reach 0005 -- 47.4 0.498 9200 62.85 MUCK/DETRITUS
S5-3-SDXX0003-0-031008-0005 031008 S5 Reach 5 14 Reach 0005 -- 544 J 2.13 J 46200 23.36 SILT
S5-3-SDXX0004-0-031008-0005 031008 S5 Reach 5 14 Reach 0005 -- 1170 J 1.29 J 59200 27.67 SILT
S5-3-SDXX0005-0-031008-0005 031008 S5 Reach 5 14 Reach 0005 -- 2410 5.87 25800 43.92 SILT
S6-0-SDXX0001-0-031009-0005 031009 S6 Reach 6 17 Reach 0005 -- 2542 J 2.295 J 103000 12.94 MUCK
S6-0-SDXX0002-0-031009-0005 031009 S6 Reach 6 17 Reach 0005 -- 1759 J 1.926 J 89700 14.38 MUCK
S6-0-SDXX0003-0-031009-0005 031009 S6 Reach 6 17 Reach 0005 -- 2050 J 1.986 J 94700 15.71 SILT
S6-0-SDXX0004-0-031009-0005 031009 S6 Reach 6 17 Reach 0005 -- 5181 J 3.779 J 69600 24.53 SILT
S6-0-SDXX0005-0-031009-0005 031009 S6 Reach 6 17 Reach 0005 -- 9757 J 11.27 J 89500 22.63 MUCK
S6-0-SDXX0006-0-031009-0005 031009 S6 Reach 6 17 Reach 0005 -- 1360 J 1.78 J 82100 21.18 SILT
S6-0-SDXX0007-0-031009-0005 031009 S6 Reach 6 16 Reach 0005 -- 3177  3.36  21300 41.96 SILT
S6-0-SDXX0008-0-031009-0005 031009 S6 Reach 6 16 Reach 0005 -- 3624 J 1.059 J 61700 22.57 SILT
S6-0-SDXX0009-0-031009-0005 031009 S6 Reach 6 16 Reach 0005 -- 34.68  0.049 J 12600 67.77 CLAY/SILT; DUPLICATE A
S6-0-SDXX0009-1-031009-0005 031009 S6 Reach 6 16 Reach 0005 FD 32.06  0.052 J 12400 69.56 CLAY/SILT
S6-0-SDXX0010-0-031009-0005 031009 S6 Reach 6 16 Reach 0005 -- 508.6 J 1.026 J 95600 23.20 SILT
S6-0-SDXX0011-0-031009-0005 031009 S6 Reach 6 15 Reach 0005 -- 223.3  0.593  29600 47.91 SILT
S6-0-SDXX0012-0-031009-0005 031009 S6 Reach 6 15 Reach 0005 -- 198.2 1.035 31500 37.39 SILT
S7-0-SDXX0001-0-031010-0005 031010 S7 Reach 7 25 Reach 0005 -- 131.6  0.369  20000 J 54.79 MUCK
S7-0-SDXX0002-0-031010-0005 031010 S7 Reach 7 24 Reach 0005 -- 34.9 J 0.214 J 200000 J 20.57 CLAY
S7-0-SDXX0003-0-031010-0005 031010 S7 Reach 7 24 Reach 0005 -- 1551 J 2.79 J 70000 J 23.73 SILT
S7-0-SDXX0004-0-031010-0005 031010 S7 Reach 7 24 Reach 0005 -- 1068 J 3.167 J 60000 J 28.64 SILT
S7-0-SDXX0005-0-031010-0005 031010 S7 Reach 7 23 Reach 0005 -- 473.9  1.579  10000 J 56.55 SILT
S7-0-SDXX0006-0-031010-0005 031010 S7 Reach 7 23 Reach 0005 -- 131.4  0.682  7000 UJ 73.42 SAND IN A MARSHY AREA
S7-0-SDXX0007-0-031010-0005 031010 S7 Reach 7 23 Reach 0005 -- 127.3 0.231 7000 UJ 70.14 SILT
S7-0-SDXX0008-0-031010-0005 031010 S7 Reach 7 23 Reach 0005 -- 169.5 0.497 9000 J 59.60 CLAY
S7-0-SDXX0009-0-031010-0005 031010 S7 Reach 7 22 Reach 0005 -- 231.1 0.426 10000 J 52.35 SAND
S7-0-SDXX0010-0-031010-0005 031010 S7 Reach 7 22 Reach 0005 -- 80.02  0.102  6000 J 82.48 SAND, SOME GRAVEL; DUPLICATE A
S7-0-SDXX0010-1-031010-0005 031010 S7 Reach 7 22 Reach 0005 FD 78.73  0.19  7000 UJ 76.34 SAND, SOME GRAVEL; DUPLICATE B

S7-0-SDXX0011-0-031010-0005 031010 S7 Reach 7 21 Reach 0005 -- 61.67 0.088 6000 UJ 77.35
SAND AND GRAVEL; RIGHT SIDE WAS ALL GRAVEL, 
SAMPLE WAS TAKEN FROM LEFT BANK INSTEAD

S7-0-SDXX0012-0-031010-0005 031010 S7 Reach 7 20A Reach 0005 -- 353.4  0.394  7000 UJ 66.22 SAND GRAVEL
S7-0-SDXX0013-0-031010-0005 031010 S7 Reach 7 19 Reach 0005 -- 31.44  0.024 U 7000 UJ 83.34 GRAVEL
S7-0-SDXX0014-0-031010-0005 031010 S7 Reach 7 18 Reach 0005 -- 58.7  0.196  8000 J 66.95 SILT

S7-0-SDXX0015-0-031010-0005 031010 S7 Reach 7 18 Reach 0005 -- 11.82  0.053 J 7000 UJ 79.17
GRAVEL; THIS SITE ALL ROCKY.  NO REAL 
SEDIMENT

S7-0-SDXX0016-0-031010-0005 031010 S7 Reach 7 24 Reach 0005 -- 216.9 J 3.946 J 90000 J 11.48 SILT/MUCK
S8-1-SDXX0001-0-031009-0005 031009 S8 Reach 8 26 Reach 0005 -- 98.24  0.274  6800 U 63.52 SANDY
S8-1-SDXX0001-1-031009-0005 031009 S8 Reach 8 26 Reach 0005 FD 84.04  0.283  7130 71.99 SANDY
S8-2-SDXX0001-0-031009-0005 031009 S8 Reach 8 32 Reach 0005 -- 600.4 J 2.42 J 25900 26.65
S8-2-SDXX0002-0-031009-0005 031009 S8 Reach 8 31 Reach 0005 -- 1191 J 4.471 J 97300 18.72
S8-2-SDXX0003-0-031009-0005 031009 S8 Reach 8 30 Reach 0005 -- 998.6 J 5.328 J 76600 14.02
S8-2-SDXX0004-0-031009-0005 031009 S8 Reach 8 29 Reach 0005 -- 202.7  1.253  15300 51.80 RATHER SANDY
S8-2-SDXX0005-0-031009-0005 031009 S8 Reach 8 28 Reach 0005 -- 72.97  0.212  21900 30.15 HEAVY VEGETATION
S8-2-SDXX0006-0-031009-0005 031009 S8 Reach 8 26 Reach 0005 -- 105.5  0.246 6560 63.89
S8-2-SDXX0007-0-031017-0005 031017 S8 Reach 8 29 Reach 0005 -- 732.7 J 5.576 J 41900 21.70
S8-2-SDXX0008-0-031017-0005 031017 S8 Reach 8 28 Reach 0005 -- 847.5 J 6.202 J 29000 19.35 PEATY WITH SILTY MUCK
S8-2-SDXX0009-0-031017-0005 031017 S8 Reach 8 28 Reach 0005 -- 389 J 4.856 J 122000 13.88
S8-3-SDXX0001-0-031009-0005 031009 S8 Reach 8 34 Reach 0005 -- 676 J 2.409 J 47900 24.41
S8-3-SDXX0002-0-031009-0005 031009 S8 Reach 8 33 Reach 0005 -- 139.1  0.066 J 7250 U 75.47 SANDY
S8-3-SDXX0003-0-031009-0005 031009 S8 Reach 8 33 Reach 0005 -- 99.15 0.385  10900 55.57
S9-0-SDXX0001-0-031009-0005 031009 S9 Reach 9 North of 34 Reach 0005 -- 938.2 J 2.12 J 65400 16.84
S9-0-SDXX0002-0-031009-0005 031009 S9 Reach 9 North of 34 Reach 0005 -- 1623 J 3.113 J 112000 13.49
S9-0-SDXX0003-0-031009-0005 031009 S9 Reach 9 North of 34 Reach 0005 -- 1898 J 3.438 J 114000 12.80
S9-0-SDXX0004-0-031009-0005 031009 S9 Reach 9 North of 34 Reach 0005 -- 1437 J 3.12 J 113000 13.78
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Table 1
2003 Surface Sediment Data Summary

Nyanza Chemical Superfund Site
Ashland, MA

Sample ID
Sample 

Date Site
River 
Reach

River
Segment

Medium
Type

Depth 
Interval 

(cm)
QC 

Type
Percent 
Solids Comment

Total Mercury
(ug/kg, dry wt)

Methyl Mercury
(ug/kg, dry wt)

TOC
mg/kg

S9-0-SDXX0005-0-031009-0005 031009 S9 Reach 9 North of 34 Reach 0005 -- 1072 J 2.339 J 73000 16.42
S9-0-SDXX0006-0-031009-0005 031009 S9 Reach 9 North of 34 Reach 0005 -- 1272 J 3.016 J 106000 13.36
S9-0-SDXX0007-0-031009-0005 031009 S9 Reach 9 North of 34 Reach 0005 -- 1466 J 3.038 J 106000 12.41
S9-0-SDXX0008-0-031009-0005 031009 S9 Reach 9 North of 34 Reach 0005 -- 1179 J 4.651 J 88500 12.47
S9-0-SDXX0009-0-031009-0005 031009 S9 Reach 9 North of 34 Reach 0005 -- 435.1 J 1.74 J 42900 J 27.12
S9-0-SDXX0009-1-031009-0005 031009 S9 Reach 9 North of 34 Reach 0005 FD 497.7 J 2.01 J 17200 26.12
S9-0-SDXX0010-0-031009-0005 031009 S9 Reach 9 North of 34 Reach 0005 -- 770 J 2.572 J 63300 19.87

SR-0-SDXX0001-0-031013-0005 031013 SR
Sudbury 

Reservoir
Sudbury 

Reservoir Reach 0005 -- 115.7 0.241 24300 40.20 SILT

SR-0-SDXX0002-0-031013-0005 031013 SR
Sudbury 

Reservoir
Sudbury 

Reservoir Reach 0005 -- 57.62 0.242 16300 51.20 SILT; ROCKY BOTTOM

SR-0-SDXX0003-0-031013-0005 031013 SR
Sudbury 

Reservoir
Sudbury 

Reservoir Reach 0005 -- 298.1 J 0.401 J 60300 16.94 SILT

SR-0-SDXX0004-0-031013-0005 031013 SR
Sudbury 

Reservoir
Sudbury 

Reservoir Reach 0005 -- 73.36 0.196 17300 49.48 SILT

SR-0-SDXX0005-0-031013-0005 031013 SR
Sudbury 

Reservoir
Sudbury 

Reservoir Reach 0005 -- 255.6 J 0.412 J 43200 24.73 SILT

SR-0-SDXX0006-0-031013-0005 031013 SR
Sudbury 

Reservoir
Sudbury 

Reservoir Reach 0005 -- 382.9 J 0.884 J 74200 13.92 SILT; DUPLICATE SAMPLE TAKEN

SR-0-SDXX0006-1-031013-0005 031013 SR
Sudbury 

Reservoir
Sudbury 

Reservoir Reach 0005 FD 401.7 J 0.909 J 76300 14.96 SILT; DUPLICATE SAMPLE
Sample Date - Year/Month/Day
QC Type - Duplicate sample collected
FD - Field Duplicate
-- - No duplicate sample collected
TOC - Total Organic Carbon
J - estimated value
U - non-detected value
UJ - estimated non-detect value
JEB - estimated value
L - Actual value is known to be greater than the value shown.
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Table 2
2003 Sediment Core Data Summary

Nyanza Chemical Superfund Site
Ashland, MA

Sample ID
Sample 

Date Site
River
Reach

River 
Segment

Medium 
Type

Depth 
Interval 

(cm)
Percent
Solids

CR-0-SDCR0001-0-031014-0003 031014 CR
Charles 

River Charles River Core 0003 314.5 J 1.891 J 26.55

CR-0-SDCR0001-0-031014-0306 031014 CR
Charles 

River Charles River Core 0306 428.9 1.688 32.41

CR-0-SDCR0001-0-031014-0609 031014 CR
Charles 

River Charles River Core 0609 530.9 J 1.249 J 27.31

CR-0-SDCR0001-0-031014-0912 031014 CR
Charles 

River Charles River Core 0912 397.7 0.805 32.69

CR-0-SDCR0002-0-031014-0003 031014 CR
Charles 

River Charles River Core 0003 191.3 2.096 30.01

CR-0-SDCR0002-0-031014-0306 031014 CR
Charles 

River Charles River Core 0306 153.8 1.033 46.76

CR-0-SDCR0002-0-031014-0609 031014 CR
Charles 

River Charles River Core 0609 51.03 0.166 69.17

CR-0-SDCR0002-0-031014-0912 031014 CR
Charles 

River Charles River Core 0912 81.05 0.351 67.49
S3-1-SDCR0001-0-031010-0003 031010 S3 Reach 3 2 Core 0003 3450 J 7.766 J 13.65
S3-1-SDCR0001-0-031010-0306 031010 S3 Reach 3 2 Core 0306 2700 J 7.384 J 22.48
S3-1-SDCR0001-0-031010-0609 031010 S3 Reach 3 2 Core 0609 2965 J 8.287 J 21.72
S3-1-SDCR0001-0-031010-0912 031010 S3 Reach 3 2 Core 0912 8263 J 9.724 J 26.43
Sample Date - Year/Month/Day
J - estimated value

Total Mercury
(ug/kg, dry wt)

Methyl Mercury
(ug/kg, dry wt)
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Table 3
Summary of 2003 Surface Water Data

Nyanza Chemical Superfund Site
Ashland, MA

Client Sample ID Sample ID Sample Date Site River Reach
River 

Segment
BRL-0318 BRL-0318 031023 0.124 UJ 0.07 U
BR-105 BRL-105 031021 CR Charles River Charles River 1.48 U 0.253
BRL-0303 BRL-0303 031021 CR Charles River Charles River 2.15 0.315
BRL-109 BRL-109 031020 CR Charles River Charles River 2.37 J 0.362 J
BRL-112 BRL-112 031020 CR Charles River Charles River 0.1 UJ 0.07 UJ
BRL-117 BRL-117 031022 CR Charles River Charles River 2.81 U 0.07 U
BRL-133 BRL-133 031020 CR Charles River Charles River 2.12 J 0.339 J
BRL-148 BRL-148 031021 CR Charles River Charles River 2.16 0.25
BRL-161 BRL-161 031020 CR Charles River Charles River 2.44 J 0.35 J
BRL-169 BRL-169 031021 CR Charles River Charles River 2.36 0.277
BRL-181 BRL-181 031021 CR Charles River Charles River 2.84 0.206 J
BRL-187 BRL-187 031022 CR Charles River Charles River 2.45 U 0.217 J
BRL-196 BRL-196 031021 CR Charles River Charles River 0.1 U 0.07 U
BRL-198 BRL-198 031020 CR Charles River Charles River 0.914 UJ 0.356 J
BRL-202 BRL-202-CR 031021 CR Charles River Charles River 1.96 0.222 J
BRL-818 BRL-818 031022 CR Charles River Charles River 2.59 U 0.229 J
BRL-825 BRL-825 031021 CR Charles River Charles River 2.16 0.094 J
BRL-838 BRL-838 031022 CR Charles River Charles River 2.61 U 0.257
BRL-850 BRL-850 031022 CR Charles River Charles River 2.66 U 0.249 J
BRL-851 BRL-851 031022 CR Charles River Charles River 2.41 U 0.07 U
BRL-870 BRL-870 031021 CR Charles River Charles River 2.31 0.309
MB-056 MB-056  031020 CR Charles River Charles River 2.85 J 0.331 J
MB-064 MB-064 031022 CR Charles River Charles River 0.161 UJ 0.07 U
PTI-143 PTI-143 031021 CR Charles River Charles River 2.28 0.325
(Blank DI bottle) 03-276 BLANK DI BOTTLE 031031 S0 5.43 0.221 J
BRL-108 03-288 BRL-108 031031 S0 Reach 10 North of 34 5.03 U 0.131 UJ
BRL-149 03-288 BRL-149 031031 S0 Reach 10 North of 34 4.37 U 0.213 UJ
BRL-841 03-288 BRL-841 031031 S0 Reach 10 North of 34 4.76 U 0.189 UJ
BRL-849 03-288 BRL-849 031031 S0 Reach 10 North of 34 7.09 U 0.221 UJ
BRL-862 03-288 BRL-862 031031 S0 Reach 10 North of 34 5.1 U 0.228 UJ
MB-044 03-288 MB-044 031031 S0 Reach 10 North of 34 5.88 U 0.213 UJ
PTI-165 03-288 PTI-165 031031 S0 Reach 10 North of 34 4.69 U 0.151 UJ
BRL-0306 BRL-0306 031023 S1 Reach 1 2.14 0.31
BRL-144 BRL-144 031023 S1 Reach 1 2.09 0.235 J
BRL-167 BRL-167 031023 S1 Reach 1 2.26 0.295
BRL-206 BRL-206 031023 S1 Reach 1 1.73 0.184 J
BRL-830 BRL-830 031023 S1 Reach 1 2.03 0.264
BRL-100 BRL-100 031023 S2 Reach 2 21 3.81 0.287
BRL-130 BRL-130 031023 S2 Reach 2 4.25 0.238 J
BRL-193 BRL-193 031024 S2 Reach 2 41.8 0.392
BRL-132 BRL-132 031024 S3 Reach 3 5 5.89 0.361
BRL-843 BRL-843 031024 S4 Reach 4 7 2.7 0.142 J
BRL-119 BRL-119 031024 S5 Reach 5 12 1.59 0.125 J
BRL-0308 03-279 BRL-0308 031028 S7 Reach 7 24 6.65 0.239 J
BRL-0319 03-289 BRL-0319 031028 S7 Reach 7 21 0.1 U 0.07 U
BRL-100 03-289 BRL-100 031028 S7 Reach 7 21 4.7 0.187 J
BRL-140 BRL-140 031024 S7 Reach 7 18 1.33 0.092 J
BRL-141 03-289 BRL-141 031028 S7 Reach 7 23 23 0.276
BRL-175 BRL-175 031024 S7 Reach 7 19 1.44 0.097 J
BRL-185 03-289 BRL-185 031028 S7 Reach 7 22 4.99 0.143 J
BRL-190 03-289 BRL-190 031028 S7 Reach 7 23 3.3 0.199 J
BRL-201 03-289 BRL-201 031028 S7 Reach 7 21 4.06 0.151 J
BRL-869 03-279 BRL-869 031028 S7 Reach 7 24 1.95 0.518
PTI-178 03-289 PTI-178 031028 S7 Reach 7 21 3.92 0.15 J
WDNR-018 03-289 WDNR-018 031028 S7 Reach 7 24 7.42 0.151 J

Unfiltered 
Total Hg

(ng/L)

Unfiltered 
Methyl Hg

(ng/L)
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Table 3
Summary of 2003 Surface Water Data

Nyanza Chemical Superfund Site
Ashland, MA

Client Sample ID Sample ID Sample Date Site River Reach
River 

Segment

Unfiltered 
Total Hg

(ng/L)

Unfiltered 
Methyl Hg

(ng/L)
BRL-0300 03-279 BRL-0300 031030 S8 Reach 8 26 15 0.282
BRL-0301 03-280 BRL-0301 031030 S8 Reach 8 29 9.91 0.323
BRL-0304 03-280 BRL-0304 031030 S8 Reach 8 30 8.44 0.312
BRL-0311 03-280 BRL-0311 031030 S8 Reach 8 33 6.84 0.225 J
BRL-0312 03-287 BRL-0312 031028 S8 Reach 8 26 12.1 0.18 J
BRL-102 03-280 BRL-102 031030 S8 Reach 8 32 6.38 0.249 J
BRL-103 03-280 BRL-103 031030 S8 Reach 8 31 9.72 0.313
BRL-176 03-279 BRL-176 031028 S8 Reach 8 25 8.25 0.169 J
BRL-202 03-280 BRL-202-S8 031030 S8 Reach 8 33 6.63 0.214 J
BRL-203 03-288 BRL-203 031030 S8 Reach 8 31 8.67 0.282
BRL-207 03-280 BRL-207 031030 S8 Reach 8 28 14.6 0.306
BRL-330 03-287 BRL-330 031030 S8 Reach 8 27 12.7 0.254
BRL-819 03-280 BRL-819 031030 S8 Reach 8 28 10.1 0.285
BRL-848 03-280 BRL-848 031030 S8 Reach 8 34 5.22 0.213 J
BRL-160 03-288 BRL-160 031031 S9 Reach 9 North of 34 6.56 U 0.339 U
BRL-0305 BRL-0305 031024 TB 12.8 0.328
Sample Date - Year/Month/Day
J - estimated
U - non-detect
UJ - estimated non-detect
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Table 4
2005 Surface Sediment Data Summary

Nyanza Chemical Superfund Site
Ashland, MA

Sample ID
Sample 

Date Site
River
Reach

River 
Segment

Medium 
Type

Depth 
Interval 

(cm) QC Type
Total Mercury
(ug/kg, dry wt)

Methyl Mercury
(ug/kg, dry wt)

TOC
mg/kg

Percent
Solids Comment

S3-1-SDCM0081-0-051011-0005 051011 S3 Reach 3 2 Composite 0005 -- 2,715 5.4 82,200 29.13

S3-1-SDCM0081-1-051011-0005 051011 S3 Reach 3 2 Composite 0005 Dup 2,504 4.8 73,200 26.72
S3-2-SDCM0051-0-051011-0005 051011 S3 Reach 3 4 Composite 0005 -- 19,087 5.1 100,000 26.51
S3-2-SDCM0061-0-051011-0005 051011 S3 Reach 3 4 Composite 0005 -- 6,759 3.2 104,000 21.75
S3-2-SDCM0071-0-051011-0005 051011 S3 Reach 3 3 Composite 0005 -- 4,823 3.9 78,800 31.72
S3-3-SDCM0011-0-051011-0005 051011 S3 Reach 3 5 Composite 0005 -- 14,089 5.5 70,700 35.63
S3-3-SDCM0021-0-051011-0005 051011 S3 Reach 3 5 Composite 0005 -- 27,976 7.3 77,900 33.35
S3-3-SDCM0031-0-051011-0005 051011 S3 Reach 3 5 Composite 0005 -- 28,124 6.7 94,000 25.85
S3-3-SDCM0041-0-051011-0005 051011 S3 Reach 3 5 Composite 0005 -- 21,157 6.6 94,600 31.81
S3-3-SDCM0041-1-051011-0005 051011 S3 Reach 3 5 Composite 0005 Dup 22,240 7.4 -- 30.44
S3-3-SDXX0001-0-051011-0005 051011 S3 Reach 3 5 Reach 0005 -- 9,135 3.9 65,200 28.57
S7-3-SDXX0001-0-051012-0005 051012 S7 Reach 7 Reach 0005 -- 2,465 4.9 -- 15.66 HEARD POND
S7-3-SDXX0002-0-051012-0005 051012 S7 Reach 7 Reach 0005 -- 2,998 4.6 -- 16.01 HEARD POND 
S7-3-SDXX0003-0-051012-0005 051012 S7 Reach 7 Reach 0005 -- 2,471 5.3 -- 15.74 HEARD POND
S7-3-SDXX0004-0-051012-0005 051012 S7 Reach 7 Reach 0005 -- 1,748 5.2 -- 20.19

S7-3-SDXX0004-1-051012-0005 051012 S7 Reach 7 Reach 0005 Dup 2,368 5.4 -- 16.85
FIELD DUP FOR TOTAL HG 
AND MEHG

Sample Date - Year/Month/Day
TOC - Total Organic Carbon
QC Type - Type of duplicate sample
Dup - Duplicate
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Table 5
Summary of 2005 Sediment Core Data

Nyanza Chemical Superfund Site
Ashland, MA

Sample ID
Sample 

Date Site
River
Reach

Medium 
Type

Depth 
Interval 

(cm)
Total Mercury 
(ug/kg, dry wt)

Methyl Mercury
(ug/kg, dry wt)

Percent
Solids

S3-1-SDCR0081-0-051012-0005 051012 S3 Reach 3 Core 0005 4,070 5.2 23.22
S3-1-SDCR0081-0-051012-0510 051012 S3 Reach 3 Core 0510 13,017 7.6 24.89
S3-1-SDCR0081-0-051012-1015 051012 S3 Reach 3 Core 1015 20,838 6.5 28.41
S3-1-SDCR0081-0-051012-1520 051012 S3 Reach 3 Core 1520 28,470 12.4 42.15
S3-2-SDCR0051-0-051012-0005 051012 S3 Reach 3 Core 0005 22,694 13.2 23.09
S3-2-SDCR0051-0-051012-0510 051012 S3 Reach 3 Core 0510 18,491 34.0 29.15
S3-2-SDCR0051-0-051012-1015 051012 S3 Reach 3 Core 1015 14,649 20.1 38.50
S3-2-SDCR0051-0-051012-1520 051012 S3 Reach 3 Core 1520 989 2.0 47.93
S3-2-SDCR0061-0-051012-0005 051012 S3 Reach 3 Core 0005 24,291 11.1 25.03
S3-2-SDCR0061-0-051012-0510 051012 S3 Reach 3 Core 0510 32,773 19.4 35.70
S3-2-SDCR0061-0-051012-1015 051012 S3 Reach 3 Core 1015 11,507 19.4 36.24
S3-2-SDCR0061-0-051012-1520 051012 S3 Reach 3 Core 1520 5,172 7.7 28.42
S3-2-SDCR0071-0-051012-0005 051012 S3 Reach 3 Core 0005 15,471 7.3 22.30
S3-2-SDCR0071-0-051012-0510 051012 S3 Reach 3 Core 0510 42,222 12.6 36.00
S3-2-SDCR0071-0-051012-1015 051012 S3 Reach 3 Core 1015 32,870 12.5 37.42
S3-2-SDCR0071-0-051012-1520 051012 S3 Reach 3 Core 1520 15,006 17.2 35.72
S3-3-SDCR0011-0-051012-0005 051012 S3 Reach 3 Core 0005 23,263 11.1 18.57
S3-3-SDCR0011-0-051012-0510 051012 S3 Reach 3 Core 0510 10,110 7.5 30.86
S3-3-SDCR0011-0-051012-1015 051012 S3 Reach 3 Core 1015 2,579 2.1 54.29
S3-3-SDCR0011-0-051012-1520 051012 S3 Reach 3 Core 1520 1,238 1.8 58.49
S3-3-SDCR0021-0-051012-0005 051012 S3 Reach 3 Core 0005 29,808 7.6 5.20
S3-3-SDCR0021-0-051012-0510 051012 S3 Reach 3 Core 0510 48,072 19.4 20.49
S3-3-SDCR0021-0-051012-1015 051012 S3 Reach 3 Core 1015 3,832 4.5 37.06
S3-3-SDCR0021-0-051012-1520 051012 S3 Reach 3 Core 1520 527 0.4 60.88
S3-3-SDCR0031-0-051012-0005 051012 S3 Reach 3 Core 0005 34,717 16.3 8.67
S3-3-SDCR0031-0-051012-0510 051012 S3 Reach 3 Core 0510 8,681 5.6 29.03
S3-3-SDCR0031-0-051012-1015 051012 S3 Reach 3 Core 1015 1,482 1.2 37.65
S3-3-SDCR0031-0-051012-1520 051012 S3 Reach 3 Core 1520 7,015 3.6 23.38
S3-3-SDCR0041-0-051012-0005 051012 S3 Reach 3 Core 0005 13,907 7.9 32.43
S3-3-SDCR0041-0-051012-0510 051012 S3 Reach 3 Core 0510 484 0.9 56.36
S3-3-SDCR0041-0-051012-1015 051012 S3 Reach 3 Core 1015 193 0.2 61.51
S3-3-SDCR0041-0-051012-1520 051012 S3 Reach 3 Core 1520 85 0.1 63.68
S7-3-SSCRHS01-0-051012-0005 051012 S7 Reach 7 Core 0005 15,415 4.3 19.98
S7-3-SSCRHS01-0-051012-0510 051012 S7 Reach 7 Core 0510 4,242 2.0 26.40
S7-3-SSCRHS01-0-051012-1015 051012 S7 Reach 7 Core 1015 8,448 0.8 30.42
S7-3-SSCRHS02-0-051012-0005 051012 S7 Reach 7 Core 0005 2,526 7.5 13.22
S7-3-SSCRHS02-0-051012-0510 051012 S7 Reach 7 Core 0510 6,509 1.1 25.35
S7-3-SSCRHS02-0-051012-1015 051012 S7 Reach 7 Core 1015 3,135 1.6 35.41
S7-3-SSCRHS03-0-051012-0005 051012 S7 Reach 7 Core 0005 2,239 5.8 14.47
S7-3-SSCRHS03-0-051012-0510 051012 S7 Reach 7 Core 0510 12,770 1.6 25.92
S7-3-SSCRHS03-0-051012-1015 051012 S7 Reach 7 Core 1015 4,937 2.1 26.94
S8-0-SSCR002A-0-051205-0005 051205 S8 Reach 8 Core 0005 1,253 2.7 26.34
S8-0-SSCR002A-0-051205-0510 051205 S8 Reach 8 Core 0510 2,397 0.6 45.47
S8-0-SSCR002A-0-051205-1015 051205 S8 Reach 8 Core 1015 6,356 1.1 47.20
S8-0-SSCR002A-0-051205-1520 051205 S8 Reach 8 Core 1520 9,001 0.8 47.77
S8-0-SSCR002B-0-051205-0005 051205 S8 Reach 8 Core 0005 3,133 4.0 15.48
S8-0-SSCR002B-0-051205-0510 051205 S8 Reach 8 Core 0510 6,446 24.2 17.22
S8-0-SSCR002B-0-051205-1015 051205 S8 Reach 8 Core 1015 7,395 6.4 20.15
S8-0-SSCR002B-0-051205-1520 051205 S8 Reach 8 Core 1520 3,809 3.8 20.45
S8-0-SSCR002C-0-051205-0005 051205 S8 Reach 8 Core 0005 2,522 15.2 14.95
S8-0-SSCR002C-0-051205-0510 051205 S8 Reach 8 Core 0510 5,667 18.3 19.41
S8-0-SSCR002C-0-051205-1015 051205 S8 Reach 8 Core 1015 2,732 5.3 24.49
S8-0-SSCR002C-0-051205-1520 051205 S8 Reach 8 Core 1520 3,030 5.4 23.70
S8-0-SSCR002D-0-051205-0005 051205 S8 Reach 8 Core 0005 654 14.9 11.17
S8-0-SSCR002D-0-051205-0510 051205 S8 Reach 8 Core 0510 3,101 3.2 20.54
S8-0-SSCR002D-0-051205-1015 051205 S8 Reach 8 Core 1015 4,213 9.0 24.45
S8-0-SSCR002D-0-051205-1520 051205 S8 Reach 8 Core 1520 542 1.7 24.19
S8-0-SSCR003A-0-051205-0005 051205 S8 Reach 8 Core 0005 1,040 8.3 14.62
S8-0-SSCR003A-0-051205-0510 051205 S8 Reach 8 Core 0510 3,020 1.8 24.54
S8-0-SSCR003A-0-051205-1015 051205 S8 Reach 8 Core 1015 2,163 2.6 28.62
S8-0-SSCR003A-0-051205-1520 051205 S8 Reach 8 Core 1520 351 1.3 36.70
S8-0-SSCR003B-0-051205-0005 051205 S8 Reach 8 Core 0005 885 12.2 13.78
S8-0-SSCR003B-0-051205-0510 051205 S8 Reach 8 Core 0510 477 3.9 26.21
S8-0-SSCR003B-0-051205-1015 051205 S8 Reach 8 Core 1015 99 0.4 36.04
S8-0-SSCR003B-0-051205-1520 051205 S8 Reach 8 Core 1520 85 0.2 39.01
S8-0-SSCR003C-0-051205-0005 051205 S8 Reach 8 Core 0005 1,476 16.3 11.38
S8-0-SSCR003C-0-051205-0510 051205 S8 Reach 8 Core 0510 1,458 8.4 20.85
S8-0-SSCR003C-0-051205-1015 051205 S8 Reach 8 Core 1015 243 0.8 31.28
S8-0-SSCR003C-0-051205-1520 051205 S8 Reach 8 Core 1520 144 0.4 32.26
S8-0-SSCR003D-0-051205-0005 051205 S8 Reach 8 Core 0005 1,776 7.8 14.75
S8-0-SSCR003D-0-051205-0510 051205 S8 Reach 8 Core 0510 980 5.3 25.40
S8-0-SSCR003D-0-051205-1015 051205 S8 Reach 8 Core 1015 245 1.2 36.71
S8-0-SSCR003D-0-051205-1520 051205 S8 Reach 8 Core 1520 131 0.4 46.77
S8-0-SSCR004A-0-051206-0005 051206 S8 Reach 8 Core 0005 2,046 13.1 22.24
S8-0-SSCR004A-0-051206-0510 051206 S8 Reach 8 Core 0510 1,194 7.0 27.13
S8-0-SSCR004A-0-051206-1015 051206 S8 Reach 8 Core 1015 3,822 0.3 32.44
S8-0-SSCR004A-0-051206-1520 051206 S8 Reach 8 Core 1520 472 1.2 39.79
S8-0-SSCR004B-0-051206-0005 051206 S8 Reach 8 Core 0005 1,477 19.7 15.30
S8-0-SSCR004B-0-051206-0510 051206 S8 Reach 8 Core 0510 2,704 9.7 22.34
S8-0-SSCR004B-0-051206-1015 051206 S8 Reach 8 Core 1015 125 0.5 38.36
S8-0-SSCR004B-0-051206-1520 051206 S8 Reach 8 Core 1520 625 2.8 28.30
S8-0-SSCR004C-0-051206-0005 051206 S8 Reach 8 Core 0005 3,043 13.9 15.87
S8-0-SSCR004C-0-051206-0510 051206 S8 Reach 8 Core 0510 1,293 7.4 23.90
S8-0-SSCR004C-0-051206-1015 051206 S8 Reach 8 Core 1015 342 0.9 35.37
S8-0-SSCR004C-0-051206-1520 051206 S8 Reach 8 Core 1520 138 0.7 41.35
S8-0-SSCR004D-0-051206-0005 051206 S8 Reach 8 Core 0005 1,173 20.5 13.39
S8-0-SSCR004D-0-051206-0510 051206 S8 Reach 8 Core 0510 1,658 6.8 27.63
S8-0-SSCR004D-0-051206-1015 051206 S8 Reach 8 Core 1015 601 1.3 31.28
S8-0-SSCR004D-0-051206-1520 051206 S8 Reach 8 Core 1520 263 0.9 36.56
Sample Date - Year/Month/Day
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Table 6
Summary of Grain Size Data

Nyanza Chemical Superfund Site
Ashland, MA

Silt & Clay Sand Gravel Coarse Sand Medium and Fine Sand Very Fine Sand

< 0.075mm > 0.075mm
Sieve #4 

> 4.75mm

Sieve # 10
< 4.75mm 
> 2.0mm

Sieve #140 
< 2.0mm 

> 0.106mm
Pan

< 0.106mm
S33-SDCR11 00-05 59.4 40.6 0.7 2.2 28.4 68.7
S33-SDCR11 05-10 61.3 38.7 0.0 0.0 33.0 67.0
S33-SDCR11 10-15 62.9 37.1 0.0 0.7 44.6 54.7
S33-SDCR11 15-20 71.4 28.6 0.5 0.0 46.6 52.8
S33-SDCR21 00-05 75.7 24.3 4.5 0.0 13.6 81.8
S33-SDCR21 05-10 37.0 63.0 0.0 1.7 35.6 62.7
S33-SDCR21 10-15 51.1 48.9 0.0 0.0 45.6 54.4
S33-SDCR21 15-20 59.0 41.0 0.0 0.0 25.0 75.0
S73-CRHS01 00-05 70.5 29.5 2.4 0.0 43.9 53.7
S73-CRHS01 05-10 75.6 24.4 0.0 0.0 16.7 83.3
S73-CRHS01 10-15 78.2 21.8 0.0 2.7 31.1 66.2
S73-CRHS02 00-05 72.4 27.6 0.0 8.9 42.9 48.2
S73-CRHS02 05-10 78.0 22.0 0.0 1.2 26.5 72.3
S73-CRHS02 10-15 80.8 19.2 0.0 4.2 22.2 73.6
S73-CRHS03 00-05 69.9 30.1 0.0 2.2 39.1 58.7
S73-CRHS03 05-10 89.5 10.5 2.7 10.8 37.8 48.6
S73-CRHS03 10-15 91.3 8.7 2.6 5.1 25.6 66.7
S33-SDCR31 00-05 88.0 12.0 8.7 4.3 17.4 69.6
S33-SDCR31 05-10 90.5 9.5 0.0 4.8 19.0 76.2
S33-SDCR31 10-15 88.4 11.6 3.8 0.0 15.4 80.8
S33-SDCR31 15-20 90.4 9.6 0.0 0.0 15.0 85.0
S33-SDCR41 00-05 50.4 49.6 1.2 1.2 43.6 53.9
S33-SDCR41 05-10 39.3 60.7 0.6 4.0 48.9 46.4
S33-SDCR41 10-15 53.7 46.3 2.1 2.3 58.0 37.6
S33-SDCR41 15-20 37.8 62.2 0.4 2.2 61.1 36.3
S32-SDCR51 00-05 81.3 18.7 0.0 0.0 12.5 87.5
S32-SDCR51 05-10 90.7 9.3 0.0 3.6 14.3 82.1
S32-SDCR51 10-15 78.8 21.2 0.0 0.0 13.5 86.5
S32-SDCR51 15-20 53.3 46.7 0.0 0.0 35.3 64.7
S32-SDCR61 00-05 46.3 53.7 0.0 0.0 12.5 87.5
S32-SDCR61 05-10 78.7 21.3 1.5 0.0 7.7 90.8
S32-SDCR61 10-15 72.0 28.0 3.0 3.0 10.0 84.0
S32-SDCR61 15-20 78.1 21.9 0.0 0.0 11.1 88.9
S32-SDCR71 00-05 68.1 31.9 2.9 0.0 17.6 79.4
S32-SDCR71 05-10 73.7 26.3 0.0 1.4 18.9 79.7
S32-SDCR71 10-15 71.1 28.9 0.0 0.6 14.7 84.7
S32-SDCR71 15-20 81.7 18.3 0.0 0.0 12.0 88.0
S31-SDCR81 00-05 65.0 35.0 0.0 1.5 27.3 71.2
S31-SDCR81 05-10 56.9 43.1 0.0 0.8 29.8 69.5
S31-SDCR81 10-15 64.4 35.6 0.4 0.8 36.6 62.2
S31-SDCR81 15-20 37.9 62.1 0.2 0.5 44.9 54.4
Notes:
Silt and Clay + Sand = 100%
Gravel + Coarse sand + Fine sand + Very fine sand = 100%

Grain Size 
(as Percent Retained)

Sample Location
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Table 7
Summary of Low-level Mercury Surface Water and Plankton Sampling

Nyanza Chemical Superfund Site
Ashland, MA

ng/g
ng/L 

plankton ng/g
ng/L 

plankton
Filtered Field Blank 05/14/07 -- 0.15 U
S3-SW1 05/14/07 S3 Reach 3 2.2 106 10 2.28 0.252 3.89 0.312 6.5 7.1
S3-SW2 05/14/07 S3 Reach 3 ND 2 95 11 2.13 0.137 3.55 0.201 5.7 6.1
S3-SW3 05/14/07 S3 Reach 3 2 87 11 1.85 0.105 3.14 0.142 5.3 5.7
S4-SW2 05/14/07 S4 Reach 4 2 87 11 1.46 0.07 2.6 0.079 5 5.2
S4-SW1 05/14/07 S4 Reach 4 ND 2 96 12 0.77 0.026 1.14 0.027 4.2 4.4
S8-SW1 05/14/07 S8 Reach 8 2.6 91 12 1.19 0.15 4.68 0.189 5.2 5.4
S8-SW2 05/14/07 S8 Reach 8 4.4 91 11 1.32 0.137 4.27 0.225 5.7 6.1
S8-SW2-DUP 05/14/07 S8 Reach 8
S8-SW3 05/14/07 S8 Reach 8 3.6 91 11 1.51 0.215 4.27 0.296 6.2 6.5
S3-PL1 05/14/07 S3 Reach 3 8.4 1.8
S3-PL1-dup 05/14/07 S3 Reach 3 8 4.3
S4-PL1 05/14/07 S4 Reach 4 8.9 2.2
S8-PL1 05/14/07 S8 Reach 8 145 3.2
Field Blank 06/06/07 -- 0.15 U
Filtered Rinsate Blank 06/06/07 -- 0.15 U
S3-SW1 06/06/07 S3 Reach 3 2.4 80 7.9 2.66 0.402 5.04 0.449 7.8 8.2
S3-SW2 06/06/07 S3 Reach 3 2.6 89 8.8 2.66 0.331 4.75 0.727 7.2 7.6
S3-SW2-DUP 06/06/07 S3 Reach 3 ND 2 80 8.7 2.73 0.361 4.92 0.653 7.1 7.7
S3-SW3 06/06/07 S3 Reach 3 ND 2 82 8.7 2.82 0.319 4.14 0.427 6.9 7.4
S4-SW1 06/06/07 S4 Reach 4 ND 2 70 9.8 0.67 0.035 B 1.02 0.039 B 4.2 4.7
S4-SW2 06/06/07 S4 Reach 4 ND 2 75 9.2 2.2 0.208 3.22 0.252 6 6.4
S8-SW1 06/06/07 S8 Reach 8 ND 2 71 9 1.59 0.301 4.58 0.411 6.1 6.5
S8-SW2 06/06/07 S8 Reach 8 ND 2 71 8.6 1.45 0.372 3.09 0.432 6.1 6.6
S8-SW3 06/06/07 S8 Reach 8 2.4 72 8 1.73 0.507 3.7 0.615 6.2 6.5
S3-PL1 06/06/07 S3 Reach 3 7.7 15.9
S3-PL1-dup 06/06/07 S3 Reach 3 23.7 18.4
S4-PL1 06/06/07 S4 Reach 4 16 5.3
S8-PL1 06/06/07 S8 Reach 8 141 3.9
S8-PL1-dup 06/06/07 S8 Reach 8
Filtered Field Blank 07/17/07 -- 0.4 U
S3-PL1 07/17/07 S3 Reach 3 31 5.24E-03 18.2 3.07E-03
S3-PL1-dup 07/17/07 S3 Reach 3 15.3 3.47E-03 11.1 2.52E-03
S3-SW1 07/17/07 S3 Reach 3 2 111 11 2.42 0.16 3.59 0.286 7.1 7.6
S3-SW2 07/17/07 S3 Reach 3 ND 2 100 10 2.17 0.1 3.14 0.11 6.7 6.7
S3-SW3 07/17/07 S3 Reach 3 ND 2 101 11 2.06 0.202 2.87 0.107 6.6 6.7
S4-PL1 07/17/07 S4 Reach 4 9.1 2.00E-03 1.8 B 3.96E-04
S4-SW1 07/17/07 S4 Reach 4 1.82 73 11 0.87 0.023 B 1.19 0.048 B 5 5.4
S4-SW2 07/17/07 S4 Reach 4 ND 2 73 11 0.95 0.022 B 1.21 0.040 B 5.2 5.4
S8-PL1 07/17/07 S8 Reach 8 308 1.05E-01 4 1.36E-03
S8-SW1 07/17/07 S8 Reach 8 4.2 96 12 1.12 0.134 4.94 0.196 5.7 6
S8-SW2 07/17/07 S8 Reach 8 5.2 96 11 1.3 0.171 3.98 0.226 6.3 6.9
S8-SW2-DUP 07/17/07 S8 Reach 8 2.8 0.064
S8-SW3 07/17/07 S8 Reach 8 8.4 93 11 1.42 0.041 B 9.15 0.216 6.9 7.3
Filtered Field Blank 09/06/07 -- 0.10 U
S8-SW3-DUP 09/06/07 S8 Reach 8 0.66 0.163
S3-SW1 09/06/07 S3 Reach 3 2.4 105 9.6 2.35 0.056 5.88 0.105 6.2 6.6
S3-SW2 09/06/07 S3 Reach 3 ND 2.5 102 8.5 1.97 0.026 B 2.61 0.058 6.6 6.8
S3-SW3 09/06/07 S3 Reach 3 ND 2.5 102 8.2 2.06 0.024 B 2.83 0.046 B 6.7 6.4
S4-SW1 09/06/07 S4 Reach 4 ND 2.5 79 7.6 0.78 0.020 U 1.11 0.022 B 5.2 5.3
S4-SW2 09/06/07 S4 Reach 4 ND 2.5 80 8 1.32 0.020 U 4.44 0.020 U 5.3 5.2
S8-SW1 09/06/07 S8 Reach 8 6.3 105 14 0.84 0.043 B 9.9 0.116 4.7 4.4
S8-SW2 09/06/07 S8 Reach 8 18 105 15 0.85 0.051 12.5 0.158 4.6 4.8
S8-SW3 09/06/07 S8 Reach 8 18 103 14 0.61 0.039 B 17.6 0.147 5 5.1
S3-PL1 09/06/07 S3 Reach 3 14.8 6.62E-03 1.0 U 2.55E-04
S3-PL1-dup 09/06/07 S3 Reach 3 15.1 1.24E-02 1.2 B 3.63E-04
S4-PL1 09/06/07 S4 Reach 4 243 5.26E-02 1.0 U 2.16E-05
S8-PL1 09/06/07 S8 Reach 8 481 1.13E-01 2.0 B 4.92E-04

Surface Water Plankton

River 
Reach

TOC
(mg/L)

Filtered 
MeHg 
(ng/L)

Unfiltered Hg 
(ng/L)

Unfiltered 
MeHg 
(ng/L)

DOC 
(filtered)
(mg/L)Sample ID SiteSample Date

Analytes

TSS 
(mg/L)

Chloride 
(mg/L)

Sulfate 
(mg/L)

Total Mercury 
(ng/g)

Methyl Mercury 
(ng/g)

Filtered Hg 
(ng/L)
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Table 7
Summary of Low-level Mercury Surface Water and Plankton Sampling

Nyanza Chemical Superfund Site
Ashland, MA

ng/g
ng/L 

plankton ng/g
ng/L 

plankton

Surface Water Plankton

River 
Reach

TOC
(mg/L)

Filtered 
MeHg 
(ng/L)

Unfiltered Hg 
(ng/L)

Unfiltered 
MeHg 
(ng/L)

DOC 
(filtered)
(mg/L)Sample ID SiteSample Date

Analytes

TSS 
(mg/L)

Chloride 
(mg/L)

Sulfate 
(mg/L)

Total Mercury 
(ng/g)

Methyl Mercury 
(ng/g)

Filtered Hg 
(ng/L)

Filtered Field Blank 10/09/07 -- 0.15 U
S3-SW2-DUP 10/09/07 S3 Reach 3 0.039 B 3.52
S3-SW1 10/09/07 S3 Reach 3 2.8 100 10 2.12 0.059 5.78 0.094 6 6.3
S3-SW2 10/09/07 S3 Reach 3 ND 2.5 99 8.4 1.95 0.038 B 3.17 0.054 6.6 6.6
S3-SW3 10/09/07 S3 Reach 3 ND 2.5 99 8.2 1.89 0.032 B 2.37 0.072 6.1 6.5
S3-SW2-Dup1 10/09/07 S3 Reach 3 3.18
S3-SW2-Dup2 10/09/07 S3 Reach 3 3.26
S3-SW2-Dup3 10/09/07 S3 Reach 3 3.21
S4-SW1 10/09/07 S4 Reach 4 ND 2.5 77 7.7 0.72 0.023 B 0.91 0.030 B 5.4 5
S4-SW2 10/09/07 S4 Reach 4 ND 2.5 77 7.7 0.96 0.027 B 2.23 0.033 B 5.2 5.3
S8-SW1 10/11/07 S8 Reach 8 98 16 0.5 0.071 17.7 0.177 4.8 5.2
S8-SW2 10/11/07 S8 Reach 8 99 16 0.72 0.049 B 27.6 0.15 4.8 5.2
S8-SW3 10/11/07 S8 Reach 8 99 14 0.39 B 0.048 B 10.4 0.141 4 4.6
S3-PL1 10/09/07 S3 Reach 3 12.4 1.23E-08 8.3 1.00E-09
S3-PL1-DUP-1 10/09/07 S3 Reach 3 11.4 8.84E-09 7.1 9.73E-10
S3-PL1-DUP-2 10/09/07 S3 Reach 3
S4-PL1 10/09/07 S4 Reach 4 42.4 3.27E-08 1.4 B 2.43E-10
S8-PL1 10/11/07 S8 Reach 8 405 1.18E-06 2.2 B 7.13E-10
S8-PL1-DUP-1 10/11/07 S8 Reach 8 445 1.39E-06 2.2 B 7.19E-10
S8-PL1-DUP-2 10/11/07 S8 Reach 8 322 1.06E-06 2.1 B 6.43E-10
Filtered Field Blank 03/26/08 -- 0.15 U
S3-SW1 03/26/08 S3 Reach 3 ND 2.5 98 12 1.41 0.052 2.25 0.056 4.6 4.8
S3-SW2 03/26/08 S3 Reach 3 ND 2.5 93 12 1.46 0.042 B 3.24 0.056 4.8 4.8
S3-SW3 03/26/08 S3 Reach 3 ND 2.5 97 12 1.55 0.040 B 3.17 0.048 B 4.8 5
S3-SW3-DUP 03/26/08 S3 Reach 3 0.042 B 2.9
S4-SW1 03/26/08 S4 Reach 4 ND 2.5 140 12 0.97 0.02 U 1.54 0.025 B 4.1 3.8
S4-SW2 03/26/08 S4 Reach 4 ND 2.5 97 11 1.45 0.032 B 2.8 0.048 B 4.3 4.5
S8-SW1 03/27/08 S8 Reach 8 ND 2.5 100 13 1.49 0.034 B 2.69 0.049 B 4.5 4.6
S8-SW2 03/27/08 S8 Reach 8 ND 2.5 110 12 1.7 0.042 B 3.11 0.053 4.8 4.9
S8-SW3 03/27/08 S8 Reach 8 ND 2.5 100 13 1.87 0.051 3.82 0.072 5 5.1
S3-PL1 NA S3 Reach 3 NA NA
S3-PL1-dup NA S3 Reach 3 NA NA
S4-PL1 NA S4 Reach 4 NA NA
S8-PL1 NA S8 Reach 8 NA NA
Filtered Field Blank 06/18/08 -- 0.15 U
S3-SW1 06/18/08 S3 Reach 3 ND 2.5 120 7.1 2.96 0.25 4.9 0.544 8.4 9.4
S3-SW1-1 06/18/08 S3 Reach 3 5.15 0.496
S3-SW1-2 06/18/08 S3 Reach 3 5.48 0.487
S3-SW1-3 06/18/08 S3 Reach 3 4.48 0.494
S3-SW2 06/18/08 S3 Reach 3 ND 2.5 130 8.6 2.26 0.095 2.91 0.188 7.5 7.5
S3-SW2-DUP 06/18/08 S3 Reach 3 0.091 H 2.72
S3-SW3 06/18/08 S3 Reach 3 ND 2.5 120 8.8 1.79 0.068 2.57 0.122 6.7 7.3
S3-SW3-1 06/18/08 S3 Reach 3 0.096
S3-SW3-2 06/18/08 S3 Reach 3 0.133
S3-SW3-3 06/18/08 S3 Reach 3 0.121
S4-SW1 06/18/08 S4 Reach 4 ND 2.5 84 8.2 0.62 0.032 B 1.15 0.046 B 4.3 5.2
S4-SW2 06/18/08 S4 Reach 4 ND 2.5 100 8.8 1.43 0.046 B 2.09 0.091 5.7 5.9
S4-SW2-1 06/18/08 S4 Reach 4 2.25 0.076
S4-SW2-2 06/18/08 S4 Reach 4 1.93 0.08
S4-SW2-3 06/18/08 S4 Reach 4 2.01 0.09
S4-SW2-DUP 06/18/08 S4 Reach 4 0.050 B

G:\ALLSHARE\ESATBIO\NYANZA\QAPP addendum\Low Level Mercury Sampling\TDF # 1252 - Data Summary\
TDF 1252 Data summary Tables.xls2008 SW and Plankton 12 of 18



Table 7
Summary of Low-level Mercury Surface Water and Plankton Sampling

Nyanza Chemical Superfund Site
Ashland, MA

ng/g
ng/L 

plankton ng/g
ng/L 

plankton

Surface Water Plankton

River 
Reach

TOC
(mg/L)

Filtered 
MeHg 
(ng/L)

Unfiltered Hg 
(ng/L)

Unfiltered 
MeHg 
(ng/L)

DOC 
(filtered)
(mg/L)Sample ID SiteSample Date

Analytes

TSS 
(mg/L)

Chloride 
(mg/L)

Sulfate 
(mg/L)

Total Mercury 
(ng/g)

Methyl Mercury 
(ng/g)

Filtered Hg 
(ng/L)

S8-SW1 06/19/08 S8 Reach 8 2.5 98 10 1.08 0.232 H 5.07 0.304 H 6 6.4
S8-SW1-1 06/19/08 S8 Reach 8 5.17
S8-SW1-2 06/19/08 S8 Reach 8 4.8
S8-SW1-3 06/19/08 S8 Reach 8 4.32
S8-SW2 06/19/08 S8 Reach 8 10 98 9.9 1 0.253 H 3.59 0.313 H 6.1 6.8
S8-SW3 06/19/08 S8 Reach 8 2.3 L 98 10 1.02 0.24 H 3.99 0.298 H 6.1 6.6
S8-SW3-1 06/19/08 S8 Reach 8 3.14
S8-SW3-2 06/19/08 S8 Reach 8 3.24
S8-SW3-3 06/19/08 S8 Reach 8 2.97
S8-SW3-DUP 06/19/08 S8 Reach 8 0.222 H 0.216 H
Sudconfl 06/19/08 Sudbury/Concord 1.35 0.136 H 8.27 0.279 H
Assabetconfl 06/19/08 Assabet/Concord 0.99 0.119 H 8.23 0.2 H
Concord 06/19/08 Concord 0.82 0.13 H 7.21 0.239 H
S3-PL1 06/18/08 S3 Reach 3 12.4 5.6
S4-PL1 06/18/08 S4 Reach 4 19.8 3.4
S8-PL1 06/19/08 S8 Reach 8 268 6.51E-02 5 1.22E-03
S8-PL1-DUP 06/19/08 S8 Reach 8 379 9.52E-02 7 1.76E-03
segment 1 11/11/2008 1.4
segment 2 11/11/2008 1.2
segment 3 11/11/2008 ND 1.4
segment 4 11/11/2008 1.4
segment 5 11/11/2008 1.4
segment 6 11/11/2008 ND 1.2
segment 7 11/11/2008 ND 1.2
segment 8 11/12/2008 ND 1.4
segment 9 11/12/2008 ND 1.2
segment 20A 11/13/2008 ND 1.2
segment 21 11/13/2008 1.4
segment 22 11/13/2008 ND 1.2
segment 23 11/13/2008 ND 1.2
segment 24 11/13/2008 2.4
segment 25 11/13/2008 1.4
segment 26 11/13/2008 1.9
segment 27 11/13/2008 1.6
segment 28 11/13/2008 1.8
segment 29 11/13/2008 1.8
segment 30 11/13/2008 1.6
segment 31 11/13/2008 1.4
segment 32 11/13/2008 1.8
segment 33 11/13/2008 1.9
segment 34 11/13/2008 2.1
Sudbury R-Segment 8 11/18/2008 ND 1.2
Sudbury R-Segment 10 11/18/2008 ND 1.2
Sudbury R-Segment 11 11/18/2008 ND 1.2
Sudbury R-Segment 12 11/18/2008 ND 1.4
Sudbury R-Segment 13 11/18/2008 ND 1.2
Sudbury R-Segment 14 11/18/2008 ND 1.2
Sudbury R-Segment 15 11/18/2008 ND 1.2
Sudbury R-Segment 16 11/18/2008 ND 1.2
Sudbury R-Segment 17 11/18/2008 ND 1.2
Sudbury R-Segment 18 11/18/2008 ND 1.4
Sudbury R-Segment 19 11/18/2008 ND 1.2
Sudbury R-Segment 21 11/18/2008 ND 1.2
Sample Date - Month/Day/Year TSS - Total Suspended Solids
ND - Not detected DOC - Dissolved Organic Carbon
B - Detected by instrument above method deteciton limit but below the reporting limit TOC - Total Organic Carbon
U - estimated value Dup - Duplicate
H - Holding time and /or preservation requirements not met.  Value is estimated.
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Table 8
Summary of 2008 Sediment Data
Nyanza Chemical Superfund Site

Ashland, MA

Analyte Sample ID
Sample 

Date Site
River
Reach

QC 
Type Result Units

Percent Total Solids S3-SED1-09-11-08 09/11/2008 S3 Reach 3 -- 32.62 %
Percent Total Solids S3-SED2-09-11-08 09/11/2008 S3 Reach 3 -- 33.77 %
Percent Total Solids S3-SED2-09-11-08 09/11/2008 S3 Reach 3 -- 32.44 %
Percent Total Solids S3-SED3-09-11-08 09/11/2008 S3 Reach 3 -- 46.93 %
Percent Total Solids S3-SED3-09-11-08-DUP 09/11/2008 S3 Reach 3 Dup 45.66 %
Percent Total Solids S4-SED1-09-11-08 09/11/2008 S4 Reach 4 -- 28.94 %
Percent Total Solids S4-SED2-09-11-08 09/11/2008 S4 Reach 4 -- 25.99 %
Percent Total Solids S8-SED1-09-11-08 09/11/2008 S8 Reach 8 -- 21.81 %
Percent Total Solids S8-SED2-09-11-08 09/11/2008 S8 Reach 8 -- 20.22 %
Percent Total Solids S8-SED3-09-11-08 09/11/2008 S8 Reach 8 -- 19.49 %
Percent Total Solids S8-SED3-09-11-08 - Dup 09/11/2008 S8 Reach 8 Dup 18.94 %
Mercury S3-SED1-09-11-08 09/11/2008 S3 Reach 3 -- 13400 ng/g dry
Mercury S3-SED2-09-11-08 09/11/2008 S3 Reach 3 -- 18800 ng/g dry
Mercury S3-SED3-09-11-08 09/11/2008 S3 Reach 3 -- 8120 ng/g dry
Mercury S3-SED3-09-11-08-DUP 09/11/2008 S3 Reach 3 Dup 8400 ng/g dry
Mercury S4-SED1-09-11-08 09/11/2008 S4 Reach 4 -- 3400 ng/g dry
Mercury S4-SED2-09-11-08 09/11/2008 S4 Reach 4 -- 13200 ng/g dry
Mercury S8-SED1-09-11-08 09/11/2008 S8 Reach 8 -- 779 ng/g dry
Mercury S8-SED2-09-11-08 09/11/2008 S8 Reach 8 -- 1330 ng/g dry
Mercury S8-SED3-09-11-08 09/11/2008 S8 Reach 8 -- 1640 ng/g dry
Mercury S8-SED3-09-11-08 - Dup 09/11/2008 S8 Reach 8 Dup 1530 ng/g dry
Methyl Mercury S3-SED1-09-11-08 09/11/2008 S3 Reach 3 -- 5.77 ng/g dry
Methyl Mercury S3-SED2-09-11-08 09/11/2008 S3 Reach 3 -- 5.49 N ng/g dry
Methyl Mercury S3-SED3-09-11-08 09/11/2008 S3 Reach 3 -- 2.45 ng/g dry
Methyl Mercury S3-SED3-09-11-08-DUP 09/11/2008 S3 Reach 3 Dup 3.24 ng/g dry
Methyl Mercury S4-SED1-09-11-08 09/11/2008 S4 Reach 4 -- 1.19 ng/g dry
Methyl Mercury S4-SED2-09-11-08 09/11/2008 S4 Reach 4 -- 3.28 ng/g dry
Methyl Mercury S8-SED1-09-11-08 09/11/2008 S8 Reach 8 -- 2.57 ng/g dry
Methyl Mercury S8-SED2-09-11-08 09/11/2008 S8 Reach 8 -- 6.14 ng/g dry
Methyl Mercury S8-SED3-09-11-08 09/11/2008 S8 Reach 8 -- 2.78 ng/g dry
Methyl Mercury S8-SED3-09-11-08 - Dup 09/11/2008 S8 Reach 8 Dup 2.87 ng/g dry
QC Type - duplicate sample collected Sample Date - Month/Day/Year
Dup - Duplicate
Date - Month/Day/Year
N - Spiked sample recovery not within�control limits.
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Table 9
Summary of 2008 Fish Data

Nyanza Chemical Superfund Site
Ashland, MA

Sample ID Sample Date River Reach
Length 

(cm)
Whole Body 
Weight (g)

Fillet 
Weight 

(g)
Specimen 

age 
Mercury

ng/g
S3-1-YP0001 6/5/2008 Reach 3 20.9 112.3 -- 6 370
S3-1-YP0002 6/5/2008 Reach 3 15.1 41.6 -- 2 143
S3-1-YP0003 6/5/2008 Reach 3 21.0 115.4 -- 4 270
S3-1-YP0004 6/5/2008 Reach 3 21.3 113.5 -- 4 269
S3-1-YP0005 6/5/2008 Reach 3 20.6 117.4 -- 4 203
S3-1-YP0006 6/5/2008 Reach 3 21.9 134.3 -- 5 229
S3-2-YP0007 6/5/2008 Reach 3 18.5 75.8 -- 2 155
S3-2-YP0008 6/5/2008 Reach 3 17.6 76.5 -- 2 126
S8-0-YP0009 6/5/2008 Reach 8 17.6 74.6 -- 3 169
S8-0-YP0010 6/5/2008 Reach 8 16.8 65.7 -- 3 135
S8-0-YP0011 6/5/2008 Reach 8 18.2 79.2 -- 3 225
S8-0-YP0012 6/5/2008 Reach 8 17.7 79.9 -- 3 196
S8-0-YP0013 6/5/2008 Reach 8 20.0 115.8 -- 4 268
S8-0-YP0014 6/5/2008 Reach 8 18.5 72.3 -- 4 254
S8-0-YP0015 6/5/2008 Reach 8 18.9 109.8 -- 4 226
S8-0-YP0016 6/5/2008 Reach 8 17.5 68.0 -- 3 224
S8-0-YP0017 6/5/2008 Reach 8 18.3 79.9 -- 4 266
S8-0-YP0018 6/5/2008 Reach 8 14.5 39.4 -- 2 124
S8-0-YP0019 6/5/2008 Reach 8 17.1 64.0 -- 3 171
S8-0-YP0020 6/5/2008 Reach 8 17.6 71.5 -- 3 180
S8-0-YP0021 6/5/2008 Reach 8 19.9 99.5 -- 4 332
S8-0-YP0022 6/5/2008 Reach 8 21.0 99.3 -- 6 485
S8-0-YP0023 6/5/2008 Reach 8 18.7 96.9 -- 3 223
S8-0-YP0024 6/5/2008 Reach 8 18.6 87.5 -- 3 164
S8-0-YP0025 6/5/2008 Reach 8 17.9 80.5 -- 3 275
S8-0-YP0026 6/5/2008 Reach 8 20.7 107.1 -- 5 351
S8-0-YP0035 6/11/2008 Reach 8 14.7 41.9 -- 2 152
S8-0-YP0036 6/11/2008 Reach 8 18.0 74.5 -- 3 218
S8-0-YP0037 6/11/2008 Reach 8 18.5 73.9 -- 4 291
S8-0-YP0038 6/11/2008 Reach 8 14.5 41.1 -- 2 104
S8-0-YP0039 6/11/2008 Reach 8 17.5 77.5 -- 3 165
S8-0-YP0040 6/11/2008 Reach 8 15.0 43.4 -- 2 112
S8-0-YP0041 6/11/2008 Reach 8 16.1 56.1 -- 3 186
S8-0-YP0042 6/11/2008 Reach 8 17.4 69.2 -- 3 167
S8-0-YP0043 6/11/2008 Reach 8 14.5 37.9 -- 2 116
S8-0-YP0044 6/11/2008 Reach 8 17.5 69.4 -- 4 327
S8-0-YP0045 6/11/2008 Reach 8 17.5 74.9 -- 3 110
S8-0-YP0046 6/11/2008 Reach 8 15.3 48.3 -- 2 106
S8-0-YP0047 6/11/2008 Reach 8 17.2 65.5 -- 3 204
S9-0-YP0027 6/5/2008 Reach 9 17.2 69.0 -- 4 269
S9-0-YP0028 6/5/2008 Reach 9 15.3 44.2 -- 2 120
S9-0-YP0029 6/5/2008 Reach 9 16.8 64.1 -- 3 109
S9-0-YP0030 6/5/2008 Reach 9 17.8 72.3 -- 4 269
S9-0-YP0031 6/5/2008 Reach 9 21.4 125.4 -- 5 307
S9-0-YP0032 6/5/2008 Reach 9 19.7 94.8 -- 5 373
S9-0-YP0033 6/5/2008 Reach 9 20.1 119.2 -- 4 174
S9-0-YP0034 6/5/2008 Reach 9 21.3 126.6 -- 7 264
S9-0-YP0048 6/11/2008 Reach 9 19.0 87.3 -- 4 184
S9-0-YP0049 6/11/2008 Reach 9 18.2 77.1 -- 4 170
S9-0-YP0050 6/11/2008 Reach 9 19.1 99.7 -- 4 191
S9-0-YP0051 6/11/2008 Reach 9 18.0 78.7 -- 5 154
S9-0-YP0052 6/11/2008 Reach 9 19.0 92.8 -- 4 264
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Table 9
Summary of 2008 Fish Data

Nyanza Chemical Superfund Site
Ashland, MA

Sample ID Sample Date River Reach
Length 

(cm)
Whole Body 
Weight (g)

Fillet 
Weight 

(g)
Specimen 

age 
Mercury

ng/g
S9-0-YP0053 6/11/2008 Reach 9 18.1 75.1 -- 4 211
S9-0-YP0054 6/11/2008 Reach 9 19.0 96.9 -- 5 251
S9-0-YP0055 6/11/2008 Reach 9 14.7 43.8 -- 2 135
S9-0-YP0056 6/11/2008 Reach 9 17.2 63.4 -- 3 150
S9-0-YP0057 6/11/2008 Reach 9 17.7 70.7 -- 3 213
S9-0-YP0058 6/11/2008 Reach 9 16.1 53.5 -- 3 141
S9-0-YP0059 6/11/2008 Reach 9 18.5 86.2 -- 4 217
S9-0-YP0060 6/11/2008 Reach 9 14.5 36.6 -- 2 83.8
S9-0-YP0061 6/11/2008 Reach 9 18.1 74.7 -- 4 255
S9-0-YP0062 6/11/2008 Reach 9 17.9 74.2 -- 3 151
S9-0-YP0063 6/11/2008 Reach 9 15.9 50.9 -- 3 150
S9-0-YP0064 6/11/2008 Reach 9 15.0 41.5 -- 2 91.5
S3-1-LB0001 6/5/2008 Reach 3 28.7 306.5 59.4 4 714
S3-1-LB0002 6/5/2008 Reach 3 29.1 352.7 73.3 4 659
S3-1-LB0003 6/5/2008 Reach 3 34.2 482.6 86.8 6 927
S3-1-LB0004 6/5/2008 Reach 3 27.7 255.4 45.5 3 615
S3-1-LB0005 6/5/2008 Reach 3 30.9 381.0 67.5 4 783
S3-2-LB0006 6/5/2008 Reach 3 33.9 538.2 102.8 5 1010
S3-2-LB0007 6/5/2008 Reach 3 34.2 562.8 103.9 6 794
S3-2-LB0008 6/5/2008 Reach 3 29.4 361.7 66.8 3 690
S3-2-LB0009 6/5/2008 Reach 3 35.5 607.8 111.4 6 908
S3-2-LB0010 6/5/2008 Reach 3 29.5 366.0 65.4 4 547
S3-3-LB0011 6/5/2008 Reach 3 30.9 370.1 58.8 5 834
S3-3-LB0012 6/5/2008 Reach 3 29.5 317.9 48.1 4 1040
S3-3-LB0013 6/5/2008 Reach 3 32.1 456.1 79.5 5 681
S8-0-LB0014 6/11/2008 Reach 8 29.0 328.0 68.9 4 570
S8-0-LB0015 6/11/2008 Reach 8 29.5 426.8 81.5 4 964
S8-0-LB0016 6/11/2008 Reach 8 32.2 436.5 93.3 5 962
S8-0-LB0017 6/11/2008 Reach 8 36.6 656.9 131.8 6 1220
S8-0-LB0018 6/11/2008 Reach 8 29.5 359.7 77.2 4 708
S8-0-LB0019 6/11/2008 Reach 8 35.1 629.5 134.2 6 1120
S8-0-LB0020 6/11/2008 Reach 8 30.2 445.5 89.7 3 837
S8-0-LB0021 6/11/2008 Reach 8 27.9 334.5 69.7 4 1080
S8-0-LB0022 6/11/2008 Reach 8 29.3 349.2 74.8 4 731
S8-0-LB0023 6/11/2008 Reach 8 35.9 609.6 133.0 4 1450
S8-0-LB0024 6/11/2008 Reach 8 40.3 1103.8 223.7 7 1210
S8-0-LB0025 6/11/2008 Reach 8 36.6 726.7 133.4 6 1220
S8-0-LB0026 6/11/2008 Reach 8 35.2 486.6 99.2 5 1020
S9-0-LB0027 6/11/2008 Reach 9 39.5 1054.9 209.9 6 1040
S9-0-LB0028 6/11/2008 Reach 9 30.2 405.9 83.6 5 895
S9-0-LB0029 6/11/2008 Reach 9 39.7 932.9 168.7 6 1300
S9-0-LB0030 6/11/2008 Reach 9 36.8 694.2 129.1 7 1060
S9-0-LB0031 6/11/2008 Reach 9 31.1 369.2 65.8 5 1260
S9-0-LB0032 6/11/2008 Reach 9 30.7 472.3 89.2 4 1200
S9-0-LB0033 6/11/2008 Reach 9 36.6 709.9 147.7 6 1070
S9-0-LB0034 6/11/2008 Reach 9 31.5 462.3 95.2 4 1150
S9-0-LB0035 6/11/2008 Reach 9 32.8 463.7 93.9 5 930
S9-0-LB0036 6/11/2008 Reach 9 37.2 754.4 145.8 5 1040
S9-0-LB0037 6/11/2008 Reach 9 32.2 456.3 87.9 4 1170
S9-0-LB0038 6/11/2008 Reach 9 29.6 330.9 63.9 5 808
S9-0-LB0039 6/11/2008 Reach 9 33.0 480.3 93.8 5 961

Sample Date - Month/Day/Year YP - Yellow Perch
Final ages of Yellow Perch (N=64) using otolith LB - Largemouth Bass
Final ages of Largemouth Bass (N=39) using otolith and scales
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Table 10
Summary of 2008 Soil Data

Nyanza Chemical Superfund Site
Ashland, MA

Sample ID Sample Date
QC

Type
Total Mercury
(ng/g, dry wt)

Methyl Mercury
(ng/g, dry wt)

SS01090908 09/09/2008 -- 185 1.39
SS02090908 09/09/2008 -- 151 0.307
SS03090908 09/09/2008 -- 124 0.453
SS04090908 09/09/2008 -- 65.1 0.416
SS05090908 09/09/2008 -- 191 0.135
SS06090908 09/09/2008 -- 132 0.891
SS07090908 09/09/2008 -- 149 0.117
SS07090908 Dup 09/09/2008 Dup 142 0.348
SS08090908 09/09/2008 -- 69.2 0.064
Sample Date - Month/Day/Year
QC Type - Duplicate sample collected
Dup - Duplicate
Date - Month/Day/Year
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Table 11
Summary of 2008 TSS Data

Nyanza Chemical Superfund Site
Ashland, MA

Sample Number* Sample 
Date

TSS
(mg/L) Notes

segment 1 11/11/2008 1.4
segment 2 11/11/2008 1.2
segment 3 11/11/2008  1.4 ND
segment 4 11/11/2008 1.4
segment 5 11/11/2008 1.4
segment 6 11/11/2008 1.2 ND
segment 7 11/11/2008 1.2 ND
segment 8 11/12/2008  1.4 ND
segment 9 11/12/2008 1.2 ND
segment 20A 11/13/2008 1.2 ND
segment 21 11/13/2008 1.4
segment 22 11/13/2008 1.2 ND
segment 23 11/13/2008 1.2 ND
segment 24 11/13/2008 2.4
segment 25 11/13/2008 1.4
segment 26 11/13/2008 1.9
segment 27 11/13/2008 1.6
segment 28 11/13/2008 1.8
segment 29 11/13/2008 1.8
segment 30 11/13/2008 1.6
segment 31 11/13/2008 1.4
segment 32 11/13/2008 1.8
segment 33 11/13/2008 1.9
segment 34 11/13/2008 2.1
Sudbury R-Segment 8 11/18/2008 1.2 ND resampled after weekend of rain
Sudbury R-Segment 10 11/18/2008 1.2 ND
Sudbury R-Segment 11 11/18/2008 1.2 ND
Sudbury R-Segment 12 11/18/2008  1.4 ND
Sudbury R-Segment 13 11/18/2008 1.2 ND
Sudbury R-Segment 14 11/18/2008 1.2 ND
Sudbury R-Segment 15 11/18/2008 1.2 ND
Sudbury R-Segment 16 11/18/2008 1.2 ND
Sudbury R-Segment 17 11/18/2008 1.2 ND
Sudbury R-Segment 18 11/18/2008  1.4 ND
Sudbury R-Segment 19 11/18/2008 1.2 ND
Sudbury R-Segment 21 11/18/2008 1.2 ND resampled after weekend of rain
Sample Date - Month/Day/Year
*as documented in chemistry report
TSS - Total Suspended Solids
ND - Not Detected
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S3-3-SDCM0011 14,089 5.5
S3-3-SDCM0021 27,976 7.3
S3-3-SDCM0031 28,124 6.7
S3-3-SDCM0041 21,157 6.6
S3-3-SDCM0041-Dup 22,240 7.4
S3-2-SDCM0051 19,087 5.1
S3-2-SDCM0061 6,759 3.2
S3-2-SDCM0071 4,823 3.9
S3-1-SDCM0081 2,715 5.4
S3-1-SDCM0081-Dup 2,504 4.8
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Sample
Location
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Depth
(cm)

S3-3-SDCR11 0-5 40.6 59.4 0.7 2.2 28.4 68.7
5-10 38.7 61.3 0.0 0.0 33.0 67.0
10-15 37.1 62.9 0.0 0.7 44.6 54.7
15-20 28.6 71.4 0.5 0.0 46.6 52.8

S3-3-SDCR21 0-5 24.3 75.7 4.5 0.0 13.6 81.8
5-10 63.0 37.0 0.0 1.7 35.6 62.7
10-15 48.9 51.1 0.0 0.0 45.6 54.4
15-20 41.0 59.0 0.0 0.0 25.0 75.0

S3-3-SDCR31 0-5 12.0 88.0 8.7 4.3 17.4 69.6
5-10 9.5 90.5 0.0 4.8 19.0 76.2
10-15 11.6 88.4 3.8 0.0 15.4 80.8
15-20 9.6 90.4 0.0 0.0 15.0 85.0

S3-3-SDCR41 0-5 49.6 50.4 1.2 1.2 43.6 53.9
5-10 60.7 39.3 0.6 4.0 48.9 46.4
10-15 46.3 53.7 2.1 2.3 58.0 37.6
15-20 62.2 37.8 0.4 2.2 61.1 36.3

S3-2-SDCR51 0-5 18.7 81.3 0.0 0.0 12.5 87.5
5-10 9.3 90.7 0.0 3.6 14.3 82.1
10-15 21.2 78.8 0.0 0.0 13.5 86.5
15-20 46.7 53.3 0.0 0.0 35.3 64.7

S3-2-SDCR61 0-5 53.7 46.3 0.0 0.0 12.5 87.5
5-10 21.3 78.7 1.5 0.0 7.7 90.8
10-15 28.0 72.0 3.0 3.0 10.0 84.0
15-20 21.9 78.1 0.0 0.0 11.1 88.9

S3-2-SDCR71 0-5 31.9 68.1 2.9 0.0 17.6 79.4
5-10 26.3 73.7 0.0 1.4 18.9 79.7
10-15 28.9 71.1 0.0 0.6 14.7 84.7
15-20 18.3 81.7 0.0 0.0 12.0 88.0

S3-1-SDCR81 0-5 35.0 65.0 0.0 1.5 27.3 71.2
5-10 43.1 56.9 0.0 0.8 29.8 69.5
10-15 35.6 64.4 0.4 0.8 36.6 62.2
15-20 62.1 37.9 0.2 0.5 44.9 54.4

All values are reported on a percent basis. The first breakdown is between sands and silts/clays.
The second breakdown is for various particle sizes within the sand fraction.

0.075mm
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Figure 10. Reach 10 Sample Locations
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Figure 11. Charles River Sample Locations
Nyanza OU IV
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Figure 12. Subdury Reservoir Sample Locations
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Final Trend Analysis of Sediment, Surface Water, and Fish, 
Mercury Data 

for the Nyanza Chemical Superfund Site, Ashland, MA 

Prepared by TechLaw, Inc., and Edited by 

U.S. Environmental Protection Agency 

Office of Environmental Measurement and Evaluation 

May 20,2009 



1.0 GENERAL INTRODUCTION 

This memorandum presents an evaluation of historical data on fish, water, and 
sediment from the Nyanza Superfund Site, Operable Unit IV, Sudbury River. The purpose of this effort is 
to determine whether the multiple sampling efforts between 1989 and 2008 share enough common data 
to support a comparison of Mercury (Hg) concentrations in various media over this time period. Where . 
sufficient data exists, this memorandum compares values over time to look for trends in Hg within surface 
water, sediment, and fish. The evaluation was performed by TechLaw, Inc., under the Environmental 
Services Assistance Team (ESAT) contract, and subsequently expanded with additional interpretation 
and discussion by the U.S. EPA Office of Environmental Measurement and Evaluation. 

Site history 

The Nyanza Chemical Superfund Site (the Site) was occupied from 1917 through 1978 by several 
companies which manufactured textile dye intermediates, colloidal solids, and acrylic polymers. Over the 
decades, large volumes of chemical wastes (e.g., partially-treated process water, chemical sludges, solid 
process wastes, solvent recovery distillation residue, various chemicals, and off-specification products) 
were disposed of in pits, below-ground containment structures, and lagoons scattered throughout the 
Site. Hg was one of the compounds used as a catalyst to produce textile dyes. It has been estimated 
that between 45 and 57 metric tons of Hg were released into the Sudbury River over a 30-year period 
starting in 1940. 

Regulatory concerns at the Site started in 1972. EPA placed the Site on the National Priorities 
List (NPL) in 1982. Site investigations have been on-going since that time. These studies determined 
that large sections of the Sudbury River between the Site and its confluence with the Assabet River 
(about 26 miles) were contaminated with Hg at levels of potential concern. The available analytical 
results were used to develop a Remedial Investigation Report in 1992, and a draft ecological risk 
assessment (ERA) in 1999. The studies summarized in the 1999 ERA determined the potential for 
ecological risk, but also contained some significant uncertainties relative to risk from Hg to top predators 
in the Sudbury River system. Additional field work was started in 2003 to better quantify the ecological 
exposure and risk to aquatic, semi-aquatic, and terrestrial receptors living or foraging in the Sudbury 
River upstream and downstream of the Site. A final Supplemental Baseline Ecological Risk Assessment 
(SBERA), submitted in December 2008, did not identify actionable (population-level) ecological risk in the 
Sudbury River. 

This technical memorandum is organized as follows: Section 2.0 discusses the data preparation 
steps; Section 3.0 provides the data trend analysis; and Section 4.0 provides a summary and 
conclusions. 

2.0 DATA PREPARATION 

2.1 Introduction 

The U.S. EPA provided ESAT with an Access database prepared by Avatar Environmental in 
2006. This database provided sediment, surface water, and fish Hg data collected in 2003 for the 
SBERA, and Hg data collected before 2003 in support of earlier risk assessment activities. EPA also 
provided: (a) archived fish tissue data collected between 1989 and 1995 by NUS (a private contractor) 
and Dr. T. Haines (University of Maine at Orono), and (b) 2005, 2007 and 2008 surface water, sediment, 
and fish data collected by EPA to calibrate a Hg computer model used for assessing the fate of Hg and to 
evaluate the effectiveness of remedial options in the Sudbury River. Only data associated with reaches 
3, 4, 8, and 9 were retained for use in the trend analysis. These reaches have been the focus of most 
studies over the duration of EPA activities on the Sudbury River. 
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Reaches 3 and 4 are Reservoirs in Framingham, MA. These reservoirs are the first major 
impoundments located downstream of the Nyanza site, and as a result they contain some of the highest 
sediment Hg concentrations. Reach 8 is located approximately 15 miles downstream of the Nyanza site. 
It is a portion of the River with vast bordering wetlands, a feature that has resulted in its' inclusion in the 
National Refuge system as the Great Meadows National Wildlife Refuge. This reach has relatively low 
Hg in sediment within the river channel proper, however there is evidence that Nyanza Hg has settled 
above the bank during periods of flood stage, resulting in contamination within the bordering wetlands. 
Wetlands are also known to be areas that favor biological conversion of elemental Hg to the organic form, 
MeHg, which is biologically more active and likely to move up the food chain. Fish in this reach have 
generally been similar in Hg concentration to fish in more contaminated upstream reaches such as Reach 
3, Finally; Reach 9 is a bay-like widening of the river characterized by shallow water, heavy aquatic plant 
growth, and some eutrophication. Each of these reaches is included in this analysis because they have 
unique features that have resulted in their inclusion in most of the historic studies of Hg on the River. 

2.2 Data acquisition and data reduction 

2.2.1 Sediment and surface water data 

The database was queried for information on sediment and surface water samples collected from 
the Sudbury River, as follows: 

• medium (sediment or surface water) 
• source (EPA, NOAA, NUS, University of Maine, Colman, Frazier, Naimo, University of Wisconsin, 

U.S. Geological Survey) 
• sample identifier, if available 
• duplicate identifier, if available (including whether or not a surface water sample was filtered prior 

to analysis) 
• river reach 
• location, if applicable 
• location description, if applicable 
• station, if applicable 
• sampling date 
• latitude and longitude, if available 
• sampling depth 
• total Hg (TotHg) and methyl Hg (MeHg) concentrations, plus data validation qualifiers (e.g., U, 

UJ, J,H) 

The dataset generated by this initial search was refined as follows to provide the data needed for 
the trend analysis: 

A sediment sample was eliminated if: 

It represented a duplicate sample. 

A concentration value was not reported for either TotHg or MeHg. 

A concentration value was reported as 0 ug/kg for TotHg or MeHg (typically associated 
with a rejected data point). 

A concentration value was not associated specifically with one of the four targeted 
Sudbury River reaches. 

It was collected outside of the river channel (Note: focusing the trend analysis on the river 

2 



channel removed all samples collected from the flood plains at GMNWR in reach 8, but 
also most pre-2003 samples from reach 8 lacking a specific sample location descriptor). 

It was collected deeper than 5 cm or the sample collection depth was not reported. It 
should be noted that focusing the trend analysis on the top 5 cm removed most of the 
sediment data points. This step was necessary, because sediment core studies indicate 
such strong stratification in Hg concentrations with depth such that samples taken with 
different depth profiles (e.g., 0-5 cm, 0-1 foot) cannot be compared with each other. 

A surface water sample was eliminated if: 

It was a duplicate sample. 

It was a filtered sample, because too few samples were filtered for use in a separate 
trend analysis (note: it would have been inaccurate to combine data from filtered and 
unfiltered samples). 

A concentration value was not reported for either TotHg or MeHg. 

A concentration value was reported as 0 ug/kg for TotHg or MeHg (typically associated 
with a rejected data point). 

A concentration value did not relate to one of the four targeted Sudbury River reaches. 

A number of the 1989 or 1990 surface water concentration were reported as not detected 
(U) or estimated non detected (UJ). The reported Detection Limits (DLs) for those 
samples were between one and four orders of magnitude higher than the detected 
values. Using one half the DL would have severely skewed the trend analysis (note: the 
only other U or UJ data in the surface water database pertained to samples. collected in 
2003; those values were retained as one half the DL because these DLs were extremely 
low). 

The various studies performed on the River have included sediment sampling at varying depth 
profiles, because researchers focused on a particular sediment depth of interest to them. Studies by 
USGS have indicated strong stratification of Hg in sediment such that small differences in sample depth 
may result in SUbstantial differences in Hg concentration. This limits the ability to look at trends over time. 
As a compromise measure, ESAT used data from samples taken between 0 and 5 cm depth. 

2.2.2 Fish tissue data 

The fish database was queried for the following information: 

• source (NUS, University of Maine, USFWS, EPA) 
• sample identifier, if available 
• river reach 
• location, if applicable 
• location description, if applicable 
• station, if applicable 
• sampling date 
• fish species (specifically, yellow perch and largemouth bass) 
• size class, if applicable 
• length, weight, and age, if available 
• tissue analyzed (e.g., fillet, whole fish, etc.) 

3 



• total Hg and MeHg concentrations, plus qualifiers (e.g., U, UJ, J, R) 

Attachment 1 summarizes the fish sampling efforts in the four targeted reaches of the Sudbury 
River between 1989 and 2008. 

3.0 OAT A TREND ANALYSIS 

3.1 Introduction 

The trend analysis compared Hg levels in sediment (0-5 cm), unfiltered surface water, and fish 
(yellow perch and largemouth bass) over time in four Sudbury River reaches. Two more refinement steps 
were needed to achieve this goal: 

• Some datasets provided information on sampling locations, such as latitude-longitude, numerical 
sub-sites (0, 1, 2, 3) within a reach, or various other descriptors (e.g., wetlands, transects, 
bridges, or towns within a reach). However, this information was either inconsistent or missing. 
The data were grouped by river reach because "reach" was the smallest common denominator 
for sample location for all the Sudbury River data. 

• The sample collection time was inconsistent across datasets. It ranged from a specific date, to a 
specific month (or a range of months), to a season, or to a year. The data were grouped by year 
within a reach, even if more specific information was available, because "year" was the smallest 
common denominator for sampling time tor all the Sudbury River data. 

Grouping the information on such a large spatial (= reach) and temporal (= year) scale may have 
"smeared" some of the Hg data, particularly for sediment contamination which can be quite patchy even 
over short distances. 

All of the Hg data were graphed in "box plot" format using the Sigma Plot 2000 software package. 
The structure of these box plots is as follows: 

• The "bottom" and "top" of each box indicate the 25th and 75th percentiles, respectively. 
• The thin line and heavy line inside each box (but sometimes located outside of a box) represent 

the median (50th percentile) and the arithmetic mean, respectively. 
• The whiskers below and above a box indicate the 10th and 90th percentiles, respectively. 
• The circles below and above the whiskers represent outlying data points. 
• The value in each box plot represents the number of available data points. 

SigmaPlot needs a minimum number of data points to compute each set of percentiles. For 
examples, at least 2 points are required to plot any data at all, at least three points are required to 
compute the 25th and 75th percentiles, whereas a minimum of five points are needed to compute the 10th 

and the 90th percentiles. Hence, the structure of the box plots differed depending on the size of the 
individual datasets. 

3.2 Statistical analyses 

All of the datasets prepared for the trend analysis were sent to Dr. J. Heltshe at EPA's Atlantic 
Ecology Division Laboratory in Narragansett, RI for statistical analyses. The goal was to determine if the 
trends over time within a reach were statistically significant. The data were first evaluated for equal 
variance. Those that failed underwent a natural log transformation. Statistical differences were evaluated 
parametrically using either a t-test for reaches with only two datasets, or a single-factor Analysis of 
Variance (ANOVA) for reaches with three or more datasets. Significant differences identified by the 
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ANOVAs were further evaluated using Fisher's Protected Least Significant Difference. 

Letters are included in the SigmaPlot graphs to summarize the results of the statistical analyses. 
Using the same letter shows a lack of significant difference between datasets within a reach, whereas 
using different letters shows a significant difference between datasets. 

3.3 Sediment 

Figures 1.1 to 1.4 show TotHg in sediment samples (0-5 cm deep) collected from the four 
targeted reaches in the Sudbury River between 1989 and 2008. The sampling depths varied across 
locations within a reach. For example, some samples were composites of the first 5 cm of sediment, 
whereas others represented concentrations at smaller intervals (e.g., 1-2 cm or 0-3 cm). Hence, some of 
the data points in these figures may represent several depths at the same sampling location. 

3.3.1 Trend analysis 

iii Reach 3 (Figure 1.1 ): No consistent change in mean total Hg over time. Significant differences (p 
= 0.0012) were found only between 1994 and 2003, and 2005 and 2003. The analysis is 
weakened because the data sets for 1995 (n = 2) and 2008 (n = 3) were small. The lower mean 
for 2003 is off-set by several high (>30,000 IJg/kg, dw) results. 

iii Reach 4 (Figure 1.2): No statistically significant change in mean total Hg over time. The analysis 
is weakened due to small sample sizes in 1994 (n = 5) and 2008 (n = 2). 

iii Reach 8 (Figure 1.3): A statistically-significant (p = 0.037) upward trend in mean total Hg, with a 
three-fold increase between 2003 and 2008. The analysis is weakened due to the small sample 
size in 2008 (n = 3) and a lack of usable pre-2003 data. 

iii Reach 9 (Figure 1.4): A statistically significant (p = 0.005) downward trend in mean total Hg, with 
a two-fold decrease between 1994 and 2003. The analysis is weakened due to the relatively 
small sample size in 1994 (n = 5) and a lack of data after 2003. Also, the five samples from 1994 
were collected at one single location and represent total Hg in 1-cm intervals of the same 
sediment core. 

These observations may be driven, at least in part, by sample depth and spatial variability, and 
may not necessarily indicate true large-scale change over time. Previous studies performed by the U.S. 
Geologic Survey (USGS) found strong stratification in sediment Hg within Reach 3 (Reservoir 2) and 

. indicated that the highly-contaminated sediment representing deposition during the peak of Nyanza 
discharges are gradually becoming buried by cleaner sediments. Significant changes in Hg concentration 
were found in sediment strata within depths of a few centimeters. Sediments generally vary greatly in 
concentration over fairly small spatial scales. Even with every attempt having been made to harmonize 
the data sets, the sediment evaluation must be used with caution due to its limitations. 

3.4 Surface water 

3.4.1 TotHg in unfiltered surface water samples 

Figures 2.1 to 2.3 show TotHg in unfiltered surface water samples collected from three of the 
four targeted Sudbury River reaches between 1994 and 2008 (note: the surface water Hg data from 1989 
and 1990 were unreliable due to high DLs). The outcome can be interpreted as follows: 

iii Reach 3 (Figure 2.1 ): A statistically significant (p < 0.00001) downward trend in mean total Hg 
over time. The highest concentrations were measured in 1994. The biggest drop in concentration 
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occurred between 1995 and 2003, followed by no change in trend between 2003 and 2008. 

• Reach 4 (Figure 2.2): No significant change in mean total Hg between 2007 and 2008 (p = 0.9). 
The analysis is weakened due to the small sample size for 2008 (n = 4) and lack of data before 
2007. 

• Reach 8 (Figure 2.3): A marginally significant change (p = 0.07) in mean total Hg over time. The 
high arithmetic mean in 1995 resulted from one outlier data point. 

• Reach 9: No data were available on total Hg in unfiltered surface water collected from this reach. 

The downward trend observed in Reach 3 may be attributable to remedial activities that took 
place between 1999 and 2001 within the Eastern Wetlands between the Nyanza Site and Reach 3. This 
trend is based on sampling by USGS. USGS performed two longitudinal transect studies consisting of 
water sampling for TotHg and MeHg throughout the Sudbury River. Studies took place in 1995 and 2003. 
USGS observed a reduction in TotHg downstream of the Eastern Wetland, Trolley Brook, and Chemical 
Brook in 2003 compared with 1995. This reduction was taken as evidence that remediation completed in 
2001 was effective. The reduction followed fairly soon after remediation, which would be expected as 
surface water can change rapidly with changes in source areas. As in 1995, TotHg increases slightly as 
the Sudbury River enters Reach 8, however USGS observed that overall concentrations in Reach 8 were 
lower than in 1995. 

3.4.2 MeHg in unfiltered surface water samples 

Figures 3.1 to 3.4 show MeHg in unfiltered surface water samples collected from the four 
targeted Sudbury River reaches between 1994 and 2008 (note: the surface water Hg data from 1989 and 
1990 were unreliable due to high DLs). The outcome can be interpreted as follows: 

• Reach 3 (Figure 3.1 ): A statistically significant (p = 0.000013) drop in mean methyl Hg between 
1994 and 1995, followed by no change between 1995 and 2008. The high MeHg levels in 1994 
appear unusual compared to the concentrations measured just one year later. Also, the median in 
1994 is only slightly higher than the median in 1995. 

• Reach 4 (Figure 3.2): A statistically significant (p < 0.00001) drop (about 25-fold) in mean methyl 
Hg between 1994 and 2007, followed by no change between 2007 and 2008. The analysis is 
weakened due to the small sample size (n = 4) available for 2008. 

• Reach 8 (Figure 3.3): A statistically significant (about 40-fold) increase in mean methyl Hg 
between 1994 and 1995, followed by a statistically significant (about tOO-fold) drop between 1995 
and 2003, and no change between 2003 and 2008 (p < 0.00001). The high methyl Hg levels in 
1995 appear unusual compared to the concentrations measured in 1994. 

• Reach 9 (Figure 3.4): A statistically significant (p = 0.006) decrease in mean methyl Hg between 
1994 and 1995. The trend is unclear due to a lack of data after 1995. 

As with the TotHg, these data suggest a reduction in MeHg between 1995 and 2003, with 
subsequent measurements showing a fairly steady state. It is possible that the more recent data 
represent something approaching a steady state in which observed MeHg concentrations reflect some 
combination of Nyanza Hg combined with ongoing input to the system from atmospheric deposition. It is 
also well established that production of MeHg from inorganic Hg is generally higher in wetlands than in 
other aquatic systems. Some of the variability in MeHg between reaches may reflect the ability of 
different parts of the Sudbury River to methylate inorganic Hg. 
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3.5 Yellow Perch 

3.5.1 Introduction 

Yellow perch were collected from one or more of the targeted Sudbury River reaches in 1989, 
1990, 1993, 1994, 2003, and 2008 (see Attachment 1 for a summary of studies, and Appendix A for the 
Yellow perch data used in this evaluation). Several issues limited the scope of the trend analysis for this 
species: 

• Only a handful of yellow perch collected in 1989 were analyzed as individual fish. Most fish 
collected that year were composited prior to chemical analyses. The data from those composite 
samples could not be used in the trend analysis. 

Only in 2003 were yellow perch consistently collected across all four targeted reaches in the 
Sudbury River. The incomplete data sets for other years limited the scope of the trend analysis 
for this species. 

• The TotHg data for yellow perch sampled in 1989 and 1990 were of uncertain quality. Certainly 
the analytical DLs were elevated (between 400 and 600 IJg/kg, ww), and the TotHg levels in 
some fish appeared unreasonably high when compared to similar-sized yellow perch collected 
three years later. Further investigations in support of this technical memorandum showed that 
the original data packages for the 1989 and 1990 analyses were requested for review in the mid 
1990's, but could not be found or provided. As a result, the 1989 and 1990 fish residue data were 
deemed unusable by some reviewers in the mid-1990's. EPA has been unable to determine the 
reason for the high detection limits, and it is not clear whether the high values are reliable. It is 
certain that these data were validated, so the data are presented in the figures within this 
document, with a dashed line connecting the means to later data. These data were not included 
in the statistical analysis because they are truncated at the lower Hg range by the high detection 
limits. 

• None of the yellow perch collected in 1989, 1993, or 1994 were aged. 

• The yellow perch collected in 1989, 1990, 1993, and 1994 were mostly large (lengths between 20 
and 30 cm) and hence older fish. The trend analysis used smaller, younger fish between 1- and 
3-year old to maximize the possibility of showing changes in tissue residues over relatively short 
periods of time. Hence, most of the yellow perch data collected between 1989 and 1994 could 
not be used in the trend analysis (note: all of the yellow perch collected in 1993 were too large). 

3.5.2 Preparing the yellow perch T otHg data for trend analysis 

The following steps were used to prepare a consistent yellow perch TotHg tissue residue dataset. 

• The TotHg data collected from large perch (> 20 cm) in some years represented fillets only, 
whereas the TotHg data collected from same-sized perch in other years represented either whole 
fish or fillet and offal. The trend analysis was performed on whole fish only. A regression 
equation to convert TotHg in fillets to TotHg in whole fish was used based on the yellow perch 
data collected from the Sudbury River in 2003 (see technical memorandum dated July 13, 2006 
and prepared by ESAT under TDF No. 138B). This regression equation was as follows: 

[TotHg]whole fish (lJg/kg, ww) = 19.72 + 0.61 *[TotHg]fillets (1J9/kg, ww) (r = 0.94; P < 0.0001) 
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It was assumed that the relationship of TotHg in fillets and whole fish derived from the 2003 
yellow perch data applied equally well for all the other sampling years. 

• A technical memorandum dated December 20,2007 and prepared by ESAT under TDF No. 855A 
investigated the link between age and TotHg in yellow perch collected from the Sudbury River in 
2003. Statistical analyses showed that, except for a single instance in reach 8, the reach-specific 
TotHg levels in yellow perch aged 1,2 and 3 were not different from each other. Based on this 
evidence, it was decided to perform the trend analysis by pooling the TotHg data of 1,2, and 3-
year old yellow perch by reach and sampling year in order to create larger, more robust datasets. 
It was again assumed that this pattern derived from the 2003 yellow perch data applied equally 
well for all the other sampling years. 

• Fish collected in 1989, 1993, and 1994 were not aged. The following indirect approach was 
applied to select "age-equivalent" yellow perch for use in the trend analysis. The minimum and 
maximum length of age 1, 2, and 3 yellow perch collected in 1990, 2003, and 2008 was 
determined for reaches 3, 4, 8, and 9 (see Attachment 2). All unaged yellow perch collected 
from those same reaches in 1989, 1993 and/or 1994 which fell within that reach-specific size 
range were retained for use in the data trend analysis on the assumption that they represented 1-
to 3-year old fish. 

3.5.3 Results of the data trend analysis for yellow perch 

The paucity of 1- to 3-year old yellow perch collected in 1989, 1990, 1993, and 1994 is evident 
from the relatively few tissue residue data shown in Figures 4~ 1 to 4.3. The outcome of the yellow perch 
TotHg tissue residue trend analysis can be summarized as follows: 

• Reach 3 (Figure 4.1 ): No significant change in mean total Hg between 1994 and 2008 (p = 0.12). 
The analysis is weakened due to the small number (n = 3) of 1- to 3-year old yellow perch 
collected in 2008. 

• Reach 4: no data available on total Hg in 1- to 3-year old yellow perch collected from this reach. 

• Reach 8 (Figure 4.2): No significant change (p = 0.205) in mean total Hg between 1994 and 
2008. The analysis is weakened due to the small number (n = 2) of age-equivalent yellow perch 
collected in 1994. 

• Reach 9 (Figure 4.3): A significant decrease (p = 0.009) in mean total Hg between 2003 and 
2008. The average whole body total Hg concentration equaled 170 J.lg/kg (ww) in 2003 and 135 
J.lg/kg (ww) in 2008. The trend is weakened by a lack of pre-2003 yellow perch Hg data. 

3.6 Largemouth bass 

3.6.1 Introduction 

Largemouth bass were collected from one or more of the targeted Sudbury River reaches in 
1989, 1990, 1993, 1994, 2003, and 2008 (see Attachment 1 for a summary of stUdies used, and see 
Appendix B for the Largemouth bass data used in the analysis). Several issues limited the scope of the 
trend analysis for this species: 

• Only in 2003 were largemouth bass collected from all four reaches in the Sudbury River. This 
lack of data limited the scope of the trend analysis for this species. 
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• As with yellow perch, the TotHg data for largemouth bass sampled in 1989 and 1990 were of 
uncertain quality due to elevated DLs (between 400 and 600 IJg/kg, ww), and unreasonably high 
TotHg levels in some fish when compared to similar sized largemouth bass collected three years 
later. As with the Yellow Perch data, the data are presented in the figures with a dashed line 
connecting the means to later data, but were omitted from the statistical analysis. 

• None of the largemouth bass collected in 1989, 1993, or 1994 were aged. 

3.6.2 Preparing the largemouth bass TotHg data for trend analysis 

The following steps were needed to prepare a consistent largemouth bass TotHg tissue residue 
dataset for trend analysis. 

• The TotHg data collected from largemouth bass in some years represented fillets only, but whole 
fish or fillets and offal in other years. The trend analysis was performed on whole fish only. A 
regression equation to convert TotHg in fillets to TotHg in whole fish was used based on the 
largemouth bass dataset collected from the Sudbury River in 2003 (see technical memorandum 
dated July 13, 2006 and prepared under TDF No. 1388). This regression equation was as 
follows: 

[TotHg]wholefish (lJg/kg, ww) = -9.70 + 0.70*[TotHg]filiets (lJg/kg, ww) (( = 0.97; P < 0.0001) 

It was assumed that the relationship of TotHg in fillets and whole fish derived from the 2003 
largemouth bass data applied equally well for all the other sampling years. 

• The technical memorandum dated July 13, 2006 and prepared under TDF No. 1388 also showed 
that TotHg in largemouth bass collected in 2003 was linked linearly to length, i.e., the larger (= 
older) the fish, the higher the TotHg. This relationship was found in seven of the ten reaches for 
fish ranging in size from 25 cm (2- to 3-year old fish) to 50 cm (8- to 10-year old fish). To 
standardize the datasets used in the trend analysis, it was decided to first focus on 3- and 4-year 
old largemouth bass combined, because they were relatively abundant and would show changes 
in TotHg levels over time more rapidly than older and more contaminated fish. It was again 
assumed that this pattern derived from the 2003 largemouth bass data applied equally well for all 
the other sampling years. At the direction of EPA, ESAT also expanded the largemouth bass 
tissue residue trend analysis by preparing datasets for 3- to 5-year olds combined and 5- to 7-
year olds combined. 

• Fish collected in 1989, 1993, and 1994 were not aged. The following indirect approach was used 
to select "age-equivalent" largemouth bass for use in the trend analysis. The minimum and 
maximum length of age 3 and 4 largemouth bass collected in 1990, 2003, and 2008 was 
determined for each reach (see Attachment 3). All unaged bass collected from a reach in 1989, 
1993 and/or 1994 which fell within that reach-specific size range were retained for use in the data 
trend analysis on the assumption that they represented 3- and 4-year old fish. The same 
approach was used to select "age-equivalent" 3- to 5-year old fish and 5- to 7-year old fish for the 
un-aged largemouth bass collected in 1989, 1993, and 1994 (see Attachments 4 and 5, 
respectively) . 

3.6.3 Results of the data trend analysis for largemouth bass 

Figures 5.1 to 5.4 show TotHg levels in 3- and 4-year old whole largemouth bass collected from 
the four targeted reaches, whereas Figures 6.1 to 6.4 and Figures 7.1 to 7.4 show TotHg levels in 3- to 
5-year old and 5- to 7 -year old whole largemouth bass collected from the same four reaches, 
respectively. 
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As discussed in previous sections, the 1989-1990 largemouth bass data are sufficiently uncertain in 
quality that they were not included in the statistical analysis. The data were presented in the figures 
because EPA has not found any valid reason to exclude the detected concentrations, however statistical 
analysis is not possible because the high detection limits effectively truncate what might otherwise have 
been the low end of the data set. In most cases these data would suggest a downward trend between 
1990 and 2003 in most reaches, but the following discussion focuses on the data of more certain quality, 
collected from 1994 to 2008. 

Reach 3 

• Reach 3 (Figures 5.1 ): No significant change (p = 0.73) between 1993 and 2008 in mean total Hg 
measured in 3- and 4-year old (or age-equivalent) largemouth bass. The analysis is weakened 
due to the small number (n = 3 and 4) of 3- and 4-year old largemouth bass collected in 1993, 
1994, and 2003. The average concentrations in fish collected in 1993 and 2008 equaled 483 and 
495 j.Jg/kg (ww), respectively. 

• Reach 3 (Figure 6.1 ): No significant trend between 1993 and 2008 in mean total Hg measured in 
3- to 5-year old (or age-equivalent) largemouth bass, even though the mean total Hg in 1994 (707 
ug/kg, ww) was significantly higher (p = 0.048) than the mean total Hg in 2008 (531 ug/kg, ww). 
The downward trend between 1994 and 2008 may be an artifact of small sample sizes, because 
the mean total Hg levels measured in 1993 and 2008 did not differ statistically (595 and 531 
ug/kg, ww, respectively). 

• Reach 3 (Figure 7.1 ): No significant change (p = 0.22) between 1993 and 2008 in mean total Hg 
measured in 5- to 7-year old (or age-equivalent) largemouth bass. The average total Hg in fish 
collected in 1993 and 2008 equaled 632 and 592 j.Jg/kg (ww), respectively. 

Reach 4 

• Reach 4 (Figure 5.2): No total Hg data for 3- and 4-year old (or age-equivalent) largemouth bass 
collected after 1990 were available to compare against the 2003 data set. 

• Reach 4 (Figure 6.2): No total Hg data for 3- to 5-year old (or age-equivalent) largemouth bass 
collected after 1990 were available to compare against the 2003 data set. 

• Reach 4 (Figure 7.2): No total Hg data for 5- to 7-year old (or age-equivalent) largemouth bass 
collected after 1990 were available for comparison. 

Reach 8 

• Reach 8 (Figure 5.3): No significant change (p = 0.38) between 1994 and 2008 in mean total Hg 
measured in 3- and4-year old (or age-equivalent) largemouth bass. The average concentrations 
in fish collected in 1994 and 2008 equaled 608 and 624 j.Jg/kg (ww), respectively. 

• Reach 8 (Figure 6.3): No significant change (p = 0.85) between 1994 and 2008 in mean total Hg 
measured in 3- to 5-year old (or age-equivalent) largemouth bass. The average concentrations in 
fish collected in 1994 and 2008 equaled 640 and 637j.Jg/kg (ww), respectively. 

• Reach 8 (Figure 7.3): No significant change (p = 0.52) between 1994 and 2008 in mean total Hg 
measured in 5- to 7-year old (or age-equivalent) largemouth bass. The average concentrations in 
fish collected in 1994 and 2008 equaled 702 and 778 j.Jg/kg (ww), respectively. 

Reach 9 

• Reach 9 (Figure 5.4): A significant increase (p < 0.05) between 2003 and 2008 in mean total Hg 
measured in 3- and 4-year old largemouth bass. The analysis is weakened by the relatively small 
sample sizes (n = 5 and n = 4) and a lack of total Hg data for largemouth bass before 2003. The 
average concentrations in fish collected in 2003 and 2008 equaled 491 and 748 j.Jg/kg (ww), 
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respectively. 
• Reach 9 (Figure 6.4): A significant increase (p = 0.0008) between 2003 and 2008 in mean total 

Hg measured in 3- to 5-year old largemouth bass. The analysis is weakened by the relatively 
small sample size in 2003 (n = 5) and a lack of pre-2003 total Hg data for largemouth bass. The 
average concentrations in fish collected in 2003 and 2008 equaled 491 and 722 ~g/kg (ww), 
respectively. 

• Reach 9 (Figure 7.4): No significant change (p = 0.14) between 2003 and 2008 in mean total Hg 
measured in 5- to 7-year old largemouth bass. The trend is weakened by the relatively small 
sample size in 2003 (n = 4) and a lack of reliable total Hg data for largemouth bass Hg data 
before 2003. The average concentration in fish collected in 2003 and 2008 equaled 897 and 733 
~g/kg (ww), respectively. 

As a concluding remark on the fish tissue trend analysis, it was striking that the factor of 10 (or 
more) difference in sediment TotHg levels between reach 3 (see Figure 1.1) and reach 8 (see Figure 
1.3) did not result in similar large differences in TotHg levels in yellow perch (compare Figure 4.1 to 
Figure 4.3) or largemouth bass (compare Figures 5.1, 6.1, and 7.1 to Figure 5.3, 6.3, and 7.3, 
respectively). This observation suggested that the uptake and accumulation of Hg in these two fish 
species was not directly linked to TotHg in the top 5 cm of sediment. Note also that, with some notable 
exceptions, the average total Hg and methyl Hg levels in surface water for reaches 3 and 8 appeared 
roughly similar across time (compare Figures 2.1 to 2.3 and Figures 3.1 to 3.3, respectively). 

4.0 SUMMARY AND CONCLUSIONS 

ESAT performed a trend analysis, supported by statistical testing, to identify any significant 
changes in Hg levels measured in sediment (top 5 cm), unfiltered surface water, yellow perch, and 
largemouth bass collected from four reaches of the Sudbury River between the mid 1990's and 2008. 
The ESAT document was subsequently edited and appended by EPA. 

The data were obtained from the Access database prepared by Avatar, from an older database 
prepared by Dr. Haines from the University of Maine in the mid 1990's, the original SERA prepared by 
NUS in 1992, and from a data base incorporating the 2005,2006 and 2008 sampling data collected by 
EPA in support of a future river modeling effort. The data were first refined and combined before they 
were used in a statistical analysis to quantify the significance of trends over time. All 1989 and 1990 fish 
tissue total Hg data were included in the figures but omitted from the statistical testing and trend analysis 
due to data quality limitations. 

The data were quite variable either due to small datasets (or no data at all) and/or the need to 
combine data within reaches, sampling years, tissue types, or sampling depths. The following statements 
summarize the general trends in reaches with more than two annual sampling events: 

• Sediment (see Figure 1): 

No significant long-term changes in tot",1 Hg in the top 5 cm of sediment collected from 
reaches 3 and 4 between 1994 and 2008. 

• Unfiltered surface water (total Hg) (see Figure 2): 

A significant downward trend in total Hg in reach 3 between 1994 (9.6 ng/L) and 2008 
(3.2 ng/L). 
No statistically significant change in total Hg in reach 8 between 1994 and 2008, even 
though a large drop was observed between 2007 (9.2 ng/L) and 2008 (3.7 ng/L). 
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• Unfiltered surface water (methyl Hg) (see Figure 3): 

A significant drop in mean methyl Hg in reach 3 between 1994 (0.87 ng/L) and 1995 
(0.21 ng/L), but with no change between 1995 and 2008. 
A significant drop in mean methyl Hg in reach 4 between 1994 (1.6 ng/L) and 2007 (0.06 
ng/L), with no change between 2007 and 2008. 
A significant increase in mean methyl Hg in reach 8 between 1994 (0.98 ng/L) and 1995 
(13.9 ng/L), followed by a significant decrease in methyl Hg between 1995 and 2003 
(0.23 ng/L), with no change between 2003 and 2008. 

• 1- to 3-year old yellow perch (Figure 4): 

No significant change in total Hg in reaches 3 and 4 between 1994 and 2008. 

3- and 4-year old largemouth bass (Figure 5): 

No significant change in total Hg in reaches 3 and 8 between 1993-1994 and 2008. 

3- to 5-year old largemouth bass (Figure 6): 

No significant change in total Hg in reaches 3 and 8 between 1993-1994 and 2008. 

• 5- to 7-year old largemouth bass (Figure 7): 

No significant change in total Hg in reaches 3 and 8 between 1993-1994 and 2008. 

The fish data from 1989-1990 would suggest a decrease in fish concentrations between this time 
period and the mid-1990's, when an additional round of fish collection occurred. This decrease cannot be 
verified because of the aforementioned high reporting limits and concerns that the detected data are 
biased high. EPA has been unable to determine the accuracy of the available data. It is possible that the 
fish in the 1989 timeframe were higher than in subsequent years since there was active remediation 
occurring on the site and adjacent waterways leading to the Sudbury during this time. The lower end of 
the data distribution is certainly curtailed by the high detection limits, so this hypothesis cannot be tested. 
The overall conclusions for fish trends are therefore based principally on the data in which EPA has 
greater confidence, beginning with data collected in the mid-1990's. 

Amongst the available data sets, the most reliable media for analyzing trends appear to be the 
surface water and fish. For surface water, the overall concentrations appear to be highly stable over 
time, with the exception of a decrease that may be associated with remediation activity by EPA between 
1999 and 2003. Fish data have also been fairly stable, and would be expected to change slowly over 
time in any case because they integrate past exposures, and a decrease would occur through growth 
(change in fish mass) over a period of lower exposure. The sediment data may be significantly affected 
by small differences in sampling technique over time, combined with small data sets. Any long-term 
monitoring would have to control aggressively and systematically for these potential confounding factors. 
This study also pOints to the importance of aging fish to normalize for fish age as a significant 
confounding factor. 

12 



mouth bass in the Sud bur 

Sampling River 
e Reaches Fish Comments 

NUS November R3;R4 yellow perch; large- fillet and (some) offal L & W, but no age data; hig 
1989 mouth bass; analytical detection limits 

July 1990 R3;R4;R9 yellow perch; fillet and (some) offal L, W, & age data; high 
largemouth bass analytical detection limits 

Univ. of Fall 1993 R3 largemouth bass; carcass less stomach; fillet L & W, but no age data 
ME 

yellow perch whole body less stomach; L & W, but no age data 
whole body less gut 

Spring R3;R8 largemouth bass whole fish less stomach L & W, but no age data 
1994 

R3 yellow perch whole fish L & W, but no age data 

Summer R8 largemouth bass whole fish less stomach L & W, but no age data 
1994 

R3 yellow perch whole fish L & W, but no age data 

Fall 1994 R8 largemouth bass whole fish less gut L & W, but no age data 

October R3;R8 yellow perch Whole fish L & W, but no age data 
1994 

USFWS Summer R2; R3; largemouth bass fillet only, plus fillet and L, W & age data 
2003 R8;R9 offal analyzed separately 

yellow perch < 20 cm: whole fish; > 20 L, W & age data 
cm: fillet only, plus fillet & 
offal analyzed separately 

EPA Summer R3;R8;R9 largemouth bass fillet only L, W & age data 
2008 

ell h whole fish L, W & a e data 
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Attachment 2: Minimum and maximum lengths for 1- to 3-year old yellow 
perch collected from four targeted reaches in the Sudbury River between 

1989 and 2008 

Sampling Minimum MaxImum 
Reach No. Year n Length (cm) Length (cm) Range (cm) 

Reach 3 1989 YP were sampled but not aged 
1990 2 19.4 20.3 0.9 
1993 YP were sampled but not aged 
1994 YP were sampled but not aged 
2003 16 10.7 17.6 6.9 
2008 3 15.1 18.5 3.4 

Reach 3 min-max (ranflel 21 10.7 20.3 9.6 
Reach 4 1989 all YP samples were composited 

1990 0 sampled but no 1- to 3-yr-old YP collected 
1993 not sampled 
1994 not sampled 
2003 15 10.8 18.0 7.2 
2008 not sampled 

Reach 4 min-max (range) 15 10.8 18.0 7.2 
Reach 8 1989 not sampled 

1990 not sampled 
1993 not sampled 
1994 YP were sampled but not aged 
2003 69 11.8 21.1 9.3 
2008 22 14.5 18.7 4.2 

Reach 8 min-max (range) 91 11.8 21.1 9.3 
Reach 9 1989 not sampled 

1990 0 sampled but no 1- to 3-yr old YP collected 
1993 . not sampled 
1994 not sampled 
2003 14 13.6 20.7 7.1 
2008 10 14.5 17.9 3.4 

Reach 9 min-max (range) 24 13.6 20.7 7.1 
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Attachment 3: Minimum and maximum lengths for 3- and 4-year old 
largemouth bass collected from four targeted reaches in the Sudbury River 

between 1989 to 2008 

Sampling Minimum Maximum 
Reach No. Year n Length (cm) Length (cm) Range (cm) 

Reach 3 1989 LMB were sampled but not aged 
1990 7 26.3 32.5 6.2 
1993 LMB were sampled but not aged 
1994 LMB were sampled but not aged 
2003 4 32.5 34.1 1.6 
2008 7 27.7 30.9 2.2 

Reach 3 min-max (ranfleJ 18 26.3 34.1 7.8 
Reach 4 1989 LMB were sampled but not aged 

1990 6 14.8 26.2 11.4 
1993 not sampled 
1994 not sampled 
2003 9 30.3 36.2 5.9 
2008 not sampled 

Reach 4 min-max (range) 15 14.8 36.2 21.4 
Reach 8 1989 not sampled 

1990 not sampled 
1993 not sampled 
1994 LMB were sampled but not aged 
2003 2 30.6 33.5 2.9 
2008 7 27.9 35.9 8.0 

Reach 8 min-max (range) 9 27.9 35.9 8.0 
Reach 9 1989 not sampled 

1990 0 sampled but no 3- or 4-yr old LMB collected 
1993 not sampled 
1994 not sampled 
2003 5 29.5 33.7 4.2 
2008 4 29.6 32.2 2.6 

Reach 9 min-max (range) 9 29.5 33.7 4.2 
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Attachment 4: Minimum and maximum lengths for 3- to 5-year old largemouth 
bass collected from four targeted reaches in the Sudbury River between 1989 

to 2008 

Sampling Minimum Maximum 
Reach No. Year n Length (cm) Length (cm) Range (cm) 

Reach 3 1989 LMB were sampled but not aged 
1990 13 26.3 40.3 14.0 
1993 LMB were sampled but not aged 
1994 LMB were sampled but not aged 
2003 8 32.5 42.5 10.0 
2008 11 27.7 34.2 6.5 

Reach 3 min-max '(range2 32 26.3 42.5 16.2 
Reach 4 1989 LMB were sampled but not aged 

1990 9 14.8 36.5 21.7 
1993 not sampled 
1994 not sampled 
2003 9 30.3 36.2 5.9 
2008 not sampled 

Reach 4 min-max (range) 18 14.8 36.5 21.7 
Reach 8 1989 not sampled 

1990 not sampled 
1993 not sampled 
1994 LMB were sampled but not aged 
2003 5 30.6 41.4 10.8 
2008 9 27.9 35.9 8.0 

Reach 8 min-max (range) 14 27.9 41.4 13.5 
Reach 9 1989 not sampled 

1990 0 sampled but no 3- to 5-yr old LMB collected 
1993 not sampled 
1994 not sampled 
2003 5 29.5 33.7 4.2 
2008 9 29.6 37.2 7.6 

Reach 9 min-max (range) 14 29.5 37.2 7.7 
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Attachment 5: Minimum and maximum lengths for 5- to 7-year old largemouth 
bass collected from four targeted reaches in the Sudbury River between 1989 

to 2008 

Sampling Minimum Maximum 
Reach No. Year n Length (em) Length (cm) Range (cm) 

Reach 3 1989 LMB were sampled but not aged 
1990 9 33.2 42.5 9.3 
1993 LMB were sampled but not aged 
1994 LMB were sampled but not aged 
2003 6 33.6 43.5 9.9 
2008 6 30.9 35.5 4.6 

Reach 3 min-max f!anfle) 21 30.9 43.5 12.6 
Reach 4 1989 LMB were sampled but not aged 

1990 9 35.0 40.7 5.7 
1993 not sampled 
1994 not sampled 
2003 37.5 37.5 
2008 not sampled 

Reach 4 min-max (range) 10 35.0 40.7 5.7 
Reach 8 1989 not sampled 

1990 not sampled 
1993 not sampled 
1994 LMB were sampled but not aged 
2003 6 37.0 45.5 8.5 
2008 6 32.2 40.3 8.1 

Reach 8 min-max (range) 12 32.2 45.5 13.3 
Reach 9 1989 not sampled 

1990 5 39.8 46.1 6.3 
1993 not sampled 
1994 not sampled 
2003 4 40.0 46.5 6.5 
2008 9 30.2 39.7 9.5 

Reach 9 min-max (range) 18 30.2 46.5 16.3 
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Figure 1: Total Hg in sediment samples (0-5 cm) collected from targeted reaches in the Sudbury River 

Figure 1.1 : Total Hg in sediment samples (0-5 cm) collected 
from Reach 3 (Reservoir 2) in the Sudbury River 
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Figure 1.3: Total Hg in sediment samples (0-5 cm) collected 
from reach 8 (Great Meadows NWR) in the Sudbury River 
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Figure 1.2: Total Hg in sediment samples (0-5 cm) collected 
from Reach 4 (Reservoir 1) in the Sudbury River 
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Figure 1.4: Total Hg in sediment samples (0-5 cm) collected 
from Reach 9 (Fairhaven Bay) in the Sudbury River 
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Figure 2: Total Hg in unfiltered surface water samples collected from targeted reaches in the Sudbury River 

Figure 2.1: Total Hg in unfiltered surface water samples 
collected from reach 3 (Reservoir 2) in the Sudbury River 
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Figure 2.3: Total Hg in unfiltered surface water samples 
collected from reach 8 (GMNWR) in the Sudbury River 
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Figure 2.2: Total Hg in unfiltered surface water samples 
collected from reach 4 (Reservoir 1) in the Sudbury River 
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Figure 3: Methyl Hg in unfiltered surface water samples collected from targeted reaches in the Sudbury River 
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Figure 3.1: Methyl Hg in unfiltered surface water samples 
collected from reach 3 (Reservoir 2) in the Sudbury River 
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Figure 3.3: Methyl Hg in unfiltered surface water samples 
collected from reach 8 (GMNWR) in the Sudbury River 
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Figure 3.2: Methyl Hg in unfiltered surface water samples 
collected from reach 4 (Reservoir 1) in the Sudbury River 
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Figure 3.4: Methyl Hg in unfiltered surface water samples 
collected from reach 9 (Fairhaven Bay) in the Sudbury River 
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Figure 4: Whole body total Hg in 1- to 3-year old yellow perch collected from targeted reaches in the Sudbury River 

Figure 4.1: Whole body total Hg in 1- to 3-year old 
(or age-equivalent) yellow perch collected from 

reach 3 (Reservoir 2) in the Sudbury River 
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Figure 4.3: Whole body total Hg in 1- to 3-year old 
(or age-equivalent) yellow perch collected from reach 9 

(Fairhaven Bay) in the Sudbury River 
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Figure 4.2: Whole body total Hg in 1- to 3-year old 
(or age-equivalent) yellow perch collected from reach 8 

(Great Meadows NWR) in the Sudbury River 
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Figure 5: Whole body total Hg in 3- and 4-year old largemouth bass collected from targeted reaches in the Sudbury River 

Figure 5.1 : Whole body total Hg in 3- and 4-year old 
(or age-equivalent) largemouth bass collected from 
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Figure 5.3: Whole body total Hg in 3- and 4-year old 
(or age-equivalent) largemouth bass collected from 

reach 8 (Great Meadows NWR) in the Sudbury River 
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Figure 5.2: Whole body total Hg in 3- and 4-year old 
(or age-equivalent) largemouth bass collected from 

reach 4 (Reservoir 1) in the Sudbury River 
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Figure 5.4: Whole body total Hg in 3- and 4-year old 
(or age-equivalent) largemouth bass collected from 

reach 9 (Fairhaven Bay) in the Sudbuty River 
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Figure 6: Whole body total Hg in 3- to 5-year old largemouth bass collected from targeted reaches in the Sudbury River 

Figure 6.1: Whole body total Hg in 3- to 5-year old 
(or age-equivalent) largemouth bass collected from 

reach 3 (Reservoir 2) in the Sudbury River 
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Figure 6.3: Whole body total Hg in 3- to 5-year old 
(or age-equivalent) largemouth bass collected from 

reach 8 (Great Meadows NWR) in the Sudbury River 
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Figure 6.2: Whole body total Hg in 3- to 5-year old 
(or age-equivalent) largemouth bass collected from 

reach 4 (Reservoir 1) in the Sudbury River 
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Figure 6.4: Whole body total Hg in 3- to 5-year old 
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Figure 7: Whole body total Hg in 5- to 7-year old largemouth bass collected from targeted reaches in the Sudbury River 

Figure 7.1: Whole body total Hg in 5- to 7-year old 
(or age-equivalent) largemouth bass collected from 

reach 3 (Reservoir 2) in the Sudbury River 

Figure 7.3: Whole body total Hg in 5- to 7-year old 
(or age-equivalent) largemouth bass collected from 

reach 8 (Great Meadows NWR) in the Sudbury River 
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Appendix A 

Yellow Perch Data 

Nyanza OUIV Sudbury River 



Table A.1: Whole body TotHg in 1- to 3-year old (or size-equivalent) yellow perch 
collected from Reservoir 2 (reach 3) in the Sudbury River 

Sampling Length 
Site Year Species Sample type (cm) Weight (g) Age 

reach 3 1990 ,_yellow perch reconstructed whole fish 19.4 85 3 
------- --- t reconstructed whole fish reach 3 1990 yellow perch 20.3 90 3 

reach 3 1994 Yellow Perch whole fish 13.2 21 NA 
.... _-- ---------

reach 3 1994 Yellow Perch whole fish 12.5 18 I NA - -_._------_. ------

reach 3 1994 Yellow Perch whole fish 13.5 23 NA 
------------ ------------- -------------------- ---------

reach 3 1994 Yellow Perch whole fish 13.5 23 NA 
reach 3 1994 Yellow Perch whole fish 12.2 15 NA 
reach 3 1994 I Yellow Perch whole fish 12.2 15 NA ,_._-_._------
reach 3 1994 Yellow Perch whole fish 12.6 20 NA 

-----
reach 3 1994 Yellow Perch whole fish 19.2 83 NA 

- .. --------
reach 3 1994 Yellow Perch whole fish 19.6 92 NA 

------- .. -_._----

reach 3 1994 Yellow Perch whole fish 20.3 I 109 NA 
--

reach 3 1994 Yellow Perch whole fish 20 96 NA 
-

reach 3 1994 Yellow Perch whole fish 20 96 NA 
reach 3 1994 I Yellow Perch whole fish 18.4 71 NA 
reach 3 ~ ;~~~~:::~: ~:;~~ whole fish 

------
78 NA , 19.6 ------

whole fish reach 3 ~ ___ ~~L __ l 89 NA 
L _________ --- -----~ 

Reach 3 2003 yellow perch I whole fish 10.7 14.0 1 
Reach 3 2003 yellow perch whole fish 10.9 14.2 1 
Reach 3 2003 yellow perch whole fish 11.0 14.3 1 --
Reach 3 2003 yellowperch whole fish 11.4 20.9 1 
Reach 3 2003 yellow perch whole fish 12.0 18.3 1 
Reach 3 2003 yellow perch whole fish 12.7 23.3 1 
Reach 3 2003 yellow _ perch whole fish 12.9 23.6 1 

whole fish Reach 3 2003 yellow perch 13.2 29.5 2 
Reach 3 2003 yellow perch whole fish 13.8 30.9 2 
Reach 3 2003 yellow perch whole fish 14.0 33.8 2 
Reach 3 2003 yellow perch whole fish 14.1 33.5 2 
Reach 3 2003 yellow perch whole fish -------- 14.7 I 35.3 2 
Reach 3 2003 yellow perch whole fish 15.5 46.0 2 

---
Reach 3 2003 yellow perch whole fish 16.0 48.0 2 

,,---------
Reach 3 2003 yellow perch whole fish 16.5 50.3 2 

TotHg 
~ (ug/kg, ww) 
'" ND@1/2DL a 

224 U 
498 J 

162 
129 
132 
129 
148 
148 

-
98, 

273 
233 
285 
259 

-
261 
252 
197 
328 

177 
202--
173-
196;-
203'-._--
253 

-
197 --
157 
226--

-
184 
212-
2151-
175'-
194--
332-



Table A.1: Whole body TotHg in 1- to 3-year old (or size-equivalent) yellow perch 
collected from Reservoir 2 (reach 3) in the Sudbury River 

l I TotHg I' 
Sampling I Length I (ug/kg, ww) ~ 

Site Year Species Sample type (cm) Weight (g) Age i ND@1/2DL 1& 
Reach 3 2003 yellow perch whole fish 17.6 65.3 2 247 - E --

_._--- . 

-Reach:3· 2o~_tyeIiOWpercL __ whole fish 15.1 41.6 2 143 
Reach 3 I 2008 yellow perch whole fish 17.6 76.5 2 126 

- Reach 3 =1--- 2008... J yellow pe.~~_ whole fish 18.5 75.8 = 2 155 
---

reach 3 size range for 1- to 3-year old yeUowperch = 10.7 to 20.3 

DL - detection limit 
J "',,.,,, ,,,,,,dU value 

1MB -,a'\,j"",,)uth bass 
NA = not available 
ND = not detected I 
ITotHg = total mercury 

IU not 
ww = wet weight_ 



Table A.2: Whole body TotHg in 1- to 3-year old (or size-equivalent) yellow perch 
collected from Reservoir 1 (reach 4) in the Sudbury River 

Sampling I Length 
Site Year Species Sample Type (cm) Weight (g) Age 

Reach 4 2003 yellow perch whole fish , 10.8 13.4 1 ----
Reach 4 2003 yellow perch whole fish 11.0 14.1 1 ------
Reach 4 2003 yellow perch whole fish 11.3 15.4 1 
Reach 4 2003 yellow perch whole fish 11.3 15.6 1 
Reach 4 2003 yellow perch whole fish 11.5 18.2 1 

--=-----------
2003 yellow perch whole fish 18.0 1 Reach 4 11.6 ---------------

Reach 4 2003 yellow perch whole fish 11.8 18.9 1 
Reach 4 2003 yellow perch whole fish 12.0 20.0 1 
Reach 4 2003 yellow perch whole fish 12.2 20.1 1 
Reach 4 2003 yellow perch whole fish 12.5 22.0 1 
Reach 4 2003 yellow perch whole fish 12.5 22.4 1 
Reach 4 2003 yellow perc~ whole fish 13.0 25.3 2 
Reach 4 2003 yellow perch whole fish 14.4 j 37.6 2 
Reach 4 2003 yellow perch whole fish 15.9 49.1 2 

-_._-

Reach 4 2003 yellow perch 
'I 

whole fish 18.0 - 66.8 3 

reach 4 size range for 1- to 3-year old yellow perch = 10.8 to 18.0 
-----

-----_._--------------- --I---
DL - detection limit 

---- -- -
J = estimated value 
LMB = largemouth bass 
NA = not available 

----
ND = not detected 
TotHg = total mercury -- --.~--

U = not detected ----
ww = wet weight 

TotHg ::: 
(ug/kg, ww) ~ 

ND@1/2DL 5 
157 

-
157 --
128 --
158 

-
137 

-
101 -
119 

-
158 

-
143 

-
141 

-
130 --
119 
215 1= 145 --
168 

-

-



Table A.3: Whole body TotHg in 1- to 3-year old (or size-equivalent) yellow perch 
collected from Great Meadows NWR (reach 8) in the Sudbury River 

TotHg 
Sampling Length (ug/kg, ww) 

Site Year Species Sample Type (cm) ~ Weight (g) Age ND@1/2DL 
Reach 8 1994 yellow perch whole fish 13.5 29 NA 119 
Reach 8 1994 yellow perch whole fish 

------
13.3 22 NA 147 -_____ -1 

Reach 8 2003 ------ yellow perch whole fish 11.8 19.3 236 
Reach 8 2003 yellow perch whole fish 12.1 21.9 177 
Reach 8 2003 yellow perch whole fish 12.4 22.6 171 
Reach 8 2003 YElIIow perch whole fish 12.8 30.5 1 162 
Reach 8 2003 yellow perch whole fish 12.8 27.5 1 184 ------
Reach 8 2003 yellow perch whole fish 13.0 29.5 1 148 
Reach 8 2003 yellow perch whole fish 13.1 29.8 181 
Reach 8 2003 yellow perch whole fish 13.1 29.4 197 
Reach 8 ~6-3- yellow perch whole fish 13.2 27.9 139 
Reach 8 2003 yellow perch whole fish 13.2 30.6 146 

----Reach 8 2003 yellow perch whole fish 13.2 28.2 185 
Reach 8 2003 yellow perch whole fish 13.2 29.7 180 
Reach 8 2003 yellow perch whole fish 13.3 27.8 188 
Reach 8 2003 yellow perch whole fish 13.3 33.1 183 ------
Reach 8 2003 yellow perch whole -fish 13.5 31.4 153 

---Reach 8 2003 ye II 0'N perch whole fish 13.5 31.8 1 129 
Reach 8 2003 yellow perch whole fish 13.5 31.0 1 181 
Reach 8 2003 yellow perch whole fish 13.5 32.9 185 ---Reach 8 2003 yellow perch whole fish 13.5 33.2 217 
Reach 8 2003 YElliow perch whole fish 13.6 30.1 160 ----- ---Reach 8 2003 yellow perch whole fish 13.6 34.8 155 
Reach 8 2003 yell()w perch whole fish 13.6 34.7 164 

w!loleflsh 
--Reach 8 2003 yellow perch 13.6 30.5 161 

Reach 8 2003 yello",v perch whole fish 13.6 31.8 236 
Reach 8 2003 yellowperch whole fish 13.6 34.9 239 
Reach 8 2003 yellow perch whole fish 13.6 30.3 208 
Reach 8 2003 yellow perch whole fish 13.7 33.1 141 
Reach 8 2003 yellow perch whole fish 13.7 32.6 192 .-------.-
Reach 8 2003 yellow perch whole fish 13.7 32.4 169 
Reach 8 2003 yellow perch whole fish 13.7 34.2 136 
Reach 8 2003 yellow perch whole fish 13.8 31.7 191 



Table A.3: Whole body TotHg in 1- to 3-year old (or size-equivalent) yellow perch 
collected from Great Meadows NWR (reach 8) in the Sudbury River 

TotHg 
Sampling Length I (ug/kg, ww) 

Site Year Species Sample Type (cm) Weight (g) Age ND@1/2DL 
Reach 8 2003 yellow perch whole fish 13.8 34.8 1 213 
Reach 8 2003 

-----------
yellow perch whole fish 13.9 37.8 175 

Reach 8 2003 yellow_perch whole fish 13.9 35.5 212 
Reach 8 2003 yellow perch whole fish 14.0 32.0 172 
Reach 8 

-------------

whole fish 2003 yellow perch 14.0 32.3 173 ------------" -----Reach 8 2003 yellow perch whole fish 14.0 35.6 197 
Reach 8 2003 yellow perch whole fish 14.0 35.1 188 
Reach 8 2003 yellow perch whole fish 14.0 34.5 184 _. __ . __ ._----
Reach 8 2003 yellow perch whole fish 14.1 34.5 137 
Reach 8 2003 yellow perch whole fish 14.2 42.2 133 
Reach 8 2003 yellow perch whole fish 14.2 35.4 192 

-----Reach 8 ---200-3- yellow perch whole fish 14.2 37.8 193 
Reach 8 2003 yellow perch wh()lefish 14.2 36.6 151 

whole fish 
---Reach 8 2003 yellow perch 14.2 34.7 210 

Reach 8 2003 yell()w perch whole fish 14.2 38.0 196 ------
Reach 8 2003 yellow perch whole fish 14.3 35.8 161 -----

whole fish 
---Reach 8 2003 yellow perch 14.5 39.2 1 188 

Reach 8 ------:2003 yellow perch whole fish 14.6 41.2 125 
Reach 8 2003 yellow perch whole fish 14.7 36.7 144 
Reach 8 2003 yellow perch whole fish 16.1 56.8 148 -------
Reach 8 2003 yellow perch whole fish 16.8 64.4 188 
Reach 8 2003 yellow perch whole fish 17.0 64.7 86 
Reach 8 2003 yellow perch whOle fish 17.0 68.7 177 --------... ~ 

Reach 8 2003 yellow perch whole fish 17.1 65.8 206 
Reach 8 2003 yellow perch whole fish 17.3 73.2 142 
Reach 8 2003 yell()w perch whole fish 17.5 83.3 163 
Reach 8 2003 yellow perch whole fish 17.6 71.7 132 ------
Reach 8 2003 yellow perch whole fish 17.6 71.7 140 
Reach 8 2003 yellow perch whole fish 17.8 84.6 165 
Reach 8 2003 yellow perch whole fish 18.0 76.9 183 
Reach 8 2003 yellow perch 

------------ whole fish 18.1 75.0 154 
Reach 8 2003 

--_._--- yellow perch whole fish 17.7 78.2 225 . 
Reach 8 

-------
2003 yellow perch whole fish 17.8 85.2 183 

Reach 8 2003 yellow perch whole fish 18.0 81.4 169 



Table A.3: Whole body TotHg in 1- to 3-year old (or size-equivalent) yellow perch 
collected from Great Meadows NWR (reach 8) in the Sudbury River 

Sampling Length 
Site Year Species Sample Type (cm) Weight (g) Age 

Reach 8 2003 yellow perch whole fish 19.7 109.7 3 -- _._------_.-
Reach 8 2003 yellow perch whole fish 20.0 134.5 3 
Reach 8 2003 yellow perch reconstructed whole fish 21.1 1 __ 1~Y.8_ 3 
Reach 8 2003 yellow perch reconstructed whole fish 21.1 152.8 3 

-----------

---------l=R ----- -

Reach 8 2008 yellow perch whole fish 14.5 39.4 2 
Reach 8 I 2008 - yellow perch- whole fish 14.5 37.9 2 

--------------- ---

Reach 8 2008 yellow perch 
'- -

whole fish 14.5 41.1 2 
Reach 8 2008 __ ~lIow p~rch whole fish 14.7 41.9 2 
Reach 8 2008 ___ yell~w perch whole fish 15 43.4 2 
Reach 8 2008 __ I--- yellow perch whole fish 15.3 48.3 2 
Reach 8 2008 yellow perch whole fish 16.1 56.1 3 

---f---"----- -- --
Reach 8 2008 _yell01JoJ perch whole fish 16.8 65.7 3 

---

Reach 8 2008 yellow perch whole fish 17.1 64 3 
ch 8 2008 yellow perch whole fish 17.2 65.5 3 c--

69.2-8 2008 yellow perch whole fish 17.4 3 
-- -- ---

Reach 8 2008 yellow perch whole fish 17.5 74.9 3 
Reach 8 2008 yellow perch whole fish 17.5 68 3 c------

whole fish 17.5 77.5 Reach 8 2008 yellow perch 3 
r------'-

whole fish 17.6 Reach 8 2008 yellow perch 71.5 3 
--

Reach 8 2008 --.Yf?"ow perch whole fish 17.6 74.6 3 
-

Reach 8 2008 yellow perch whole fish 18 74.5 3 
Reach 8 

------- --
whole fish 

J 
18.2 79.2 3 2008 _ yellow perch 

Reach 8 2008 yellow perch whole fish 17.7 79.9 3 ------.--------
Reach 8 2008 'tellow perch whole fish 17.9 80.5 3 --
Reach 8 2008 ye)low perch whole fish 18.6 87.5 3 

--

Reach 8 2008 yellow perch whole fish 18.7 96.9 3 

reach 8 size range for 1-!~~! old yellow perch = 11.8 to 21._1 

DL - detection limit ND = not detected --
J = estimated value TotHg = total mercury 

--
LMB = largemouth bass U = not detected ---f-------------------
NA = not available ww = wet weight 

TotHg 
(ug/kg, ww) 
ND@1/2DL 

169 
145 
157 -----_. 

126 

124 
116 
104 

--
152 

--
112 
106 
186 
135 

-----
171 
204 
167 

--
110 
224 
165 
180 --
169 ---_. 

218 
225 
196 
275 
164 
223 

_._--

--



I 
I 

Table A.4: Whole body TotHg in 1- to 3-year old (or size-equivalent) yellow perch 
collected from Fairhaven Bay (reach 9) in the Sudbury River 

I 

I Sampling Length 
I - iTotH9 

(ug/kg, ww) 
Site I Year Species Sample Type (cm) I Weight (g) Age IND@1/2DL 

Reach 9 2003 yellow perch whole fish 13.6 32.4 1 162 
---------------

Reach 9 2003 yellow perch whole fish 14.1 34.0 1 132 
Reach 9 2003 yellow perch whole fish 14.2 33.9 1 168 
Reach 9 2003 yellow perch whole fish 14.2 31.4 1 199 --------------

yellow perch whole fish Reach 9 2003 15.6 58.8 2 211 
----

Reach 9 2003 yellow perch whole fish 17.0 60.6 2 229 
Reach 9 2003 yellow perch whole fish 17.2 72.6 2 153 

---
Reach 9 2003 yellow perch whole fish 17.3 65.0 2 136 
Reach 9 2003 yellow perch whole fish 17.3 69.8 2 152 

---
Reach 9 2003 yellow perch whole fish 17.6 72.9 2 162 
Reach 9 2003 yellow perch_ whole fish 18.3 78.6 , 3 201 
Reach 9 2003 yellow perch whole fish 19.2 98.1 3 148 
Reach 9 2003 yellow perch whole fish 19.2 99.5 3 159 
Reach 9 2003 yellow perch reconstructed whole fish 20.7 121.1 3 166 

E 2008L~ejj()w perch _ .. Reach 9 whole fish 14.5 36.6 2 84 
Reach 9 I 2008 =Rellow perch whole fish 14.7 43.8 2 135 
Reach 9 1-"2008 yellow perch whole fish 15 41.5 2 92 
Reach 9 [ 2008 yellow perch whole fish 

f-----
15.3 44.2 2 120 

Reach 9 2008 yellow perch whole fish 15.9 50.9 3 150 
Reach 9 2008 yellow perch whole fish 16.1 53.5 3 141 

.. 

Reach 9 2008 yellow perch whole fish 16.8 64.1 3 109 
Reach 9 2008 yellow perch whole fish 17.2 63.4 3 150 

.. 

Reach 9 2008 yellow perch whole fish 17.7 70.7 3 213 
Reach 9 2008 yell~w perch 

I 
whole fish 17.9 74.2 3 151 

reach 9 size range ~or 1- to 3-year o)d yellow perch = 13.6 to 20.7 
-

I I -- --
OL .. detection limit NO = not detected 
J = estimated value TotHg = total mercury 
LMB = largemouth bass U = not detected 

--r------

NA = not available 
-- -" . h ww = wet welg t 

::: 
«I a 
--
-

-

-

--
--
-
-

-

--
--
-

--

1-
I 

- --



Appendix B 

Largemouth Bass Data 

Nyanza OUIV Sudbury River 



Table B.1: Whole body TotHg for 3- and 4-year old (or size-equivalent) largemouth bass 
collected from Reservoir 2 (reach 3) in the Sudbury River 

I 

Sampling Length 
Sample 10 Site Year Species Medium (cm) Weight (g) Age 

FH3-102-MF248 reach 3 1989 I LMB reconstructed whole fish 33.8 535 NA 

---- --.-~.~.--.-.-=-----~=--=- ---
FH3-062-R2 reach 3 1990 LMB reconstructed whole fish 26.3 215 3 

-----..=---- ---- -
FH3-064-R2 reach 3 1990 LMB reconstructed whole fish 32.5 495 4 

- - -------
reconstructed whole fish FH3-068-R2 reach 3 1990 LMB 31.2 379 4 

reach 3 -r-f99C 1--- LMB --
32.1 FH3-079-R2 reconstructed whole fish 471 4 

--- ----;- -

FH3-080-R2 reach 3 ~_~90 __ LMB reconstructed whole fish 28.8 324 4 
FH3-069-R2 reach 3 1- 1990 LMB reconstructed whole fish 31.3 384 4 
FH3-071-R2 reach ~ij_199L LMB reconstructed whole fish 29.8 338 4 
c------ -- I---- ---

--------------

SAA254 reach 3 1993 LMB whole fish 32.1 450 NA 
--- ------

SAA296 reach 3 1993 LMB whole fish 30.5 362 NA ._ .. -
whole fis~ SAA378 reach 3 1993 LMB 29.8 350 NA 

---- -------- -
SAA380 reach 3 1993 LMB whole fish 32.5 457 NA --_ .. _-- -

I 
-,.....-----

-=-----:--c: - ------
reach 31--1994--

--------- ._-

R2-LB-05 LMB whole fish less stomach 33.7 660 NA 
R2-LB-702 reach 3 -r--1994 LMB whole fish 32.7 497 NA 

--- -J-------- --

R2-LB-710 reach =.1 994 ___ LMB whole fish 31.1 474 NA 

I----
LMB S3-1-FFLBOO03-0-030730 reach--3 J 2003--- reconstructed whole fish 33.5 586.8 4 

S3-2-FFLBOO06-0-030730 reach 3 2003 1--- LMB reconstructed whole fish 33.7 585.2 4 
S3-2-FFLBOO08-0-030730 

reach ~=I~O~_ LMB reconstructed whole fish 34.1 570.1 4 
S3-3-FFLB0014-0-030731 reach 3 2003 LMB reconstructed whole fish 32.5 437.8 4 ---- -

-- 7 S3-1-LBOO04 reach 3 2008 LMB reconstructed whole fish 27.7 255.4 
S3-2-LBOO08 reach 3 2008 LMB reconstructed whole fish 29.4 361.7 3 
S3-1-LBOO01 reach 3 2008 LMB reconstructed whole fish 28.7 306.5 4 
S3-1-LBOO02 reach 3 2008 LMB reconstructed whole fish 29.1 352.7 4 

--

S3-2-LB0010 reach 3 2008 LMB reconstructed whole fish 29.5 366.0 4 
--

S3-3-LB0012 reach 3 2008 LMB reconstructed whole fish 29.5 317.9 4 
S3-1-LBOO05 reach 3 200!3-- LMB reconstructed whole fish 30.9 381.0 4 
-- •.. _ ... 

- I _ '-____ -::..-:-:--'--_ - - -
size range for 3- & 4-year old largemouth bass = 26.3 em to 34.1 em 

.. _._---- --- -

OL - detection limit ------\ NA = not availa~le - ----==l------------,.......---- -_. 

------Tr;ill------·---------- --'--1--------- ----
J ~ estimated value NO = not detected I 
L~_= largemouth bass_____ _ ____ ITotH9 = t~~~mercu'}' ______ + __ ~_-____ . 

------.--.----.----~-... -. 

I U = not detected , -_._._---_._ ... _ .... --------.---------------~----------------.--.---4.----------

ww = wet weight i 
I UI I 

lotHg ::: 
(ug/kg, ww) iii 
NO@1/20L <5 

1040 J 

187 U 
- -

720 J 
1240 J 
840 J 
850 J 

1207 J 
1350 J 

487.7 
494.0 
441.9 
509.8 

645.3 
509.4 
512.0 

391.4 
579.7 
550.3 
474.0 

421 
---

473 
490 
452 
373 
718 
538 

----

--- r---



Table B.2: Whole body TotHg for 3- to 5-year old (or size-equivalent) largemouth bass 
collected from Reservoir 2 (reach 3) in the Sudbury River 

Sampling Length 
I 

Sample 10 Site Year Species Medium (cm) Weight (g) Age 

FH3-102-MF246 reach 3 1989 LMB reconstructed whole fish 39.6 922 NA 
~-----

LMB reconstructed whole fish 624 NA FH3-102-MF247 reach 3 1989 37.8 . __ . -------I---
LMB NA FH3-102-MF248 reach 3 1989 reconstructed whole fish 33.8 535 

FH3-102-MF249 --
--------

LMB reconstructed whole fish 35.4 534 NA 
FH3-102-MF252 -------

_ reach 3 -t ____ 1~89 ___ -----f----- -------
reach 3 I 1989 LMB reconstructed whole fish 39.6 840 NA c---------------- -----f--

I- .. _.- ------ -

FH3-061-R2 reach 3 1990 LMB reconstructed whole fish 33.2 722 5 
- -- ----+-- -----

FH3-062-R2 reach 3 1990 LMB - reconstructed whole fish 26.3 215 3 
-- --

FH3-064-R2 reach 3 1990 LMB reconstructed whole fish 32.5 495 4 
-----------

FH3-065-R2 reach 3 1990 LMB reconstructed whole fish 36.0 646 5 
- -- ---

FH3-066-R2 reach 3 1990 LMB reconstructed whole fish 34.7 530 5 --
FH3-068-R2 reach 3 1990 LMB reconstructed whole fish 31.2 379 • 4 

-- -- -_._-- _._ .. _._----------

FH3-079-R2 reach 3 1990 LMB reconstructed whole fish 32.1 471 4 
---

1990 I FH3-080-R2 reach 3 LMB reconstructed whole fish 28.8 324 4 --_. --!-----

FH3-069-R2 reach 3 1990 LMB reconstructed whole fish 31.3 384 4 
----

FH3-070-R2 reach 3 1990 LMB reconstructed Whole fish 36.5 639 5 
--- ---------

FH3-071-R2 reach 3 1990 LMB reconstructed whole fish 29.8 338 4 
---_._----

--LMB FH3-072-R2 reach 3 1990 reconstructed whole fish 35.2 521 5 
FH3-076-R2 reach 3 1990 LMB reconstructed whole fish 40.3 948 5 -- --- ----_. __ .. _-

SAA253 reach 3 1993 LMB whole fish 40.3 980 NA 
SAA254 reach 3 1993 -- LMB whole fish 32.1 450 NA 

--------_ .. 

SAA290 reach 3 1993 LMB whole fish 41.0 872 NA 
SAA289 reach 3 1993 LMB whole fish 37.0 748 NA 

------
SAA292 reach 3 1993 LMB whole fish 38.4 756 NA 

--
whole fish ~-SAA296 reach 3 1993 LMB 30.5 362 

SAA378 reach 3 1993 LMB whole fish 29.8 350 
---

SAA376 reach 3 1993 LMB whole fish 39.1 946 NA 
--------

SAA380 reach 3 1993 LMB whole fish 32.5 457 NA 
- -

1 of 3 

TotHg 
~ (ug/kg, ww) t'CI 

NO@1/20L c5 
2790 J 
2360 J 
1040 J 
1390 J 
970 J 

633 J 
187 U 
720 J 
966 J 

1074 J 
1240 J 
840 J 
850 J 

1207 J 
1790 J 
1350 J 
1972 J 
2763 J 

872.3 
487.7 
732.8 
454.7 
684.7 
494.0 
441.91 
681.5 
509.8 



Table B.2: Whole body TotHg for 3- to 5-year old (or size-equivalent) largemouth bass 
collected from Reservoir 2 (reach 3) in the Sudbury River 

I TotH9:t:: 
Sampling Length I (ug/kg, ww) ctl 

Sample 10 Site Year Species Medium (cm) Weight (g) I Age NO@1/20L 5 
~R=2=-L=B=-=0~1~~~~====~=r=e~ac~h~3==*===1~99~4~~==~L~M~B~9==W=h=0=le=f~is~h~le~s~s~s~to=m=a=c=h~===3~7~.7~=9==~7~6~0~=¥~ 610.0 
!-'-Rc=2'---'-L=B'---'--o"--4'--------------------- reach 3 1-----1-9-9-4--t---LM---B---+--w-h-o-le-f---is-h----Ie'--'s-s-'--sc---to---m--'ac-'-c-h----- - - 35.7 568 ~- 656.1 
1-'---'--.-:...:'-----'---------4--------- ----------'-- ----=---='-'----!----
R2-LB-05 reach 3 1994 LMB whole fish less stomach 33.7 660 NA 645.3 

--------- 1---. 

R2-LB-07 reach 3 I 1994 LMB whole fish less stomach 36.6 _+-______'__7 ___ 1_=_5_-I--.:...:N-'--A:....t-__ --=6=20::..:.-=-0+--1 
R2 LB 09--------------+---'-r-=-e=ac::..:.h-'--3=---i-----:-1-=-99-'--4-':---I----=L-:,:.M:..:::B--.-:...:-iI- whole fish less stomach 38.2 784 NA 9880 

R2:LB: 701 ____________ -!- reach 3 1994--+-_-_-__ c=L---M-=-B----r---- whole fish_ 1---_ 41.6 1105 I NA __ I+---__ '--'8=-4'---'4-=:8=+1--_--
1 

!-'-R-=2=--=:LB=----=-7..::..:02= _________________ I--__ re_a~_3 ________ ,-__ 19~_4 ______ :-cLM:-:-::::-B_-t-____ wc-'--:-hoc:.:I.::.e __ f':-'i=sh-'---__________ ~_--_.::.3_=_2_=_. 7_=__=__=_:_=__=__=_4~9_=_7~~___cIr--N-A-!--_-=-50::..::9 ___ .4-'+--I 
R2-LB-704 reach 3 1994 LMB whole fish 41.0 1040 NA 882.0 

'-R---2-'---L=B'---'--'--70-'--5'------------+-re-'--a'--'c-h---3
c
-- --1-9-94 LMB whole fish 40.6-- 936 --N-A-

1
-iI------=--88-'--7-'--.4-=-+----I 

1-'--'--'--'-------=--=-------+----+-----+---------~---~~~~-~--i-~~----:--i--~7--~~~-------=-'-~~~ 
R2-LB-708 reach 3 1994 LMB whole fish 38.5 774 !---'--N:A~----7:...::8::..:.7...:....:._j_.4-___l 

~R~2::..::-L=B=---~70::..:9=-------+--=-r-=-ea=c::..:.h:...::3=--+--=~---119~9=-4f==f==fL~M~Bt=?f===-=-~w~h~0~le~f~isRh====~==~t!==1===6~7~0t==t~N~~tf====~5~4~1].2tt=j !-'-Rc=2'---'-L=B=--___ 7 ___ 10=__ _____ +f-_--'--'-r--=-ea.::.:..C'---'h ___ 3'--_+= ____ 1 __ .:...::.994 - ----:L-=M--:cB:::::---t-----w---ch-o---,-le--'-c-fis--h--------------t- - 3 - 474 NA 512.0 

h 2003 
------L-cM-C----B---+- -----c-----c----·--:--:--·-:--:--+----

4
----+---

1
--+---l------+--

S3-1-FFLB0001-0-030730 reac 3 reconstructed whole fish 2.5 1 29 5 717.5 
S3-1-FFLB0003-0-030730 reach 3-·2003----- LMB reconstructed whole fish 33.5 586.8 4 391.4 

-~~~~--~~---l-~~~-t-~+--
S3-2-FFLB0006-0-030730 reach 3 2003 LMB reconstructed whole fish 33.7 585.2 4 579.7 
~~~~~~~~~-+---'-~~~-I---~ 

S3-2-FFLB0008-0-03073:...::0 __ l----'--re ___ a'---'c_h ___ ~ ___ f_-2--0--0-3----I--L-M-B- reconstructed whole fish 34.1 570.1 4 550.3 
S3-3-FFLB0011-0-030731 reach 3 2003 LMB reconstructed whole fish 38.8 789.8 5 897.0 
SS~3-j3~-F=fF=rLJ:BUiOI001:122--nO-=c0~3a077:3f1111r;re~aU;c}1h~311:22<.v)03,vIIILUMIABB- reconstructed whole fish 33.6 507.4 5 426.9 
S3-3-FFLB0013-0-030731 reach 3 2003 LMB reconstructed whole fish 36.5 668.4 5 555.2 

1----------- --------- - =---:..::::..:.-'-:---!----'-~=--.........j...-~=----+--=----i----=--=-=-I--__l 

S3-3-FFLB0014-0-030731 reach 3 2003 LMB reconstructed whole fish 32.5 437.8 4 474.0 
-------~--+---=--=---4--=-~~~~c:.::..::=-=-c.:.~~~+--------'--------'---_r__---"---'--"---'___l--+---~~-1 

S3-1-LB0004 reach 3 2008 LMB reconstructed whole fish 27.7 255.4 3 421 
~~~~=-----.--+-------=-=~-=---+---.::.~-=----~-~~--l___~ 
S3-2-LB0008 reach 3 2008 LMB reconstructed whole fish 29.4 361.7 3 473 
S3-1-LB0001 reach 3 2008 LMB reconstructed whole fish 28.7 306.5 4 490 
~~~~=-=-------+-------=-=~-=---+-~~~-+-~=---- ----~~----.::.----=---+--~~---~--+----------I--
I-=S:...::3=--~1--=L=B.::..00::..:0::.::2~ _____ I--.:..::re-=:a=ch.:...::~_I_--200?----+----:L=;;M::=:B:;.---+--.:..:re:.::c-=.on:.:.:s:.:t:.::ru:.::c.:.:te:..::d....:w.::,.h.:.::o:.:.::le::..::f;:is:.:-:h_f--_..:::2:.::-9:.,:.1----:---+-______ 3:c-::5:..:::2::..:. 7::--_1----:4-+1 ____ ~4==52=+----I 
S3-2-LB0010 reach 3 2008 LMB reconstructed whole fish 29.5 366.0 4 373 

I-=S::.::3:...:-3=__-=LB~0::..:0=-1-=2~ _____ --!----'-r--=-e.::.:..ac::..:.h,_3c:...... 2008 1- LMB _ - reconstructed whole fish 29.5 317.9 4 7181--
S3-1-LB0005 reach 3 2008 r-- LMB reconstructed whole fish 30.9 381.0 4 5381 
1-==-=:...:-'-:-~~~-------4-"::"::':""::"::':"-+------t 

S3-3-LB0011 reach 3 2008 LMB reconstructed whole fish 30.9 370.1 5 574 
S3-3-LB0013 reach 3 2008 LMB reconstructed whole fish 32.1 456.1 5 467 

I-=S::.::3.:..::-2=--=LB=--0::..:.0.:..::0~6---__ -__ -__ -__ --___ -_--+--r-e·a~c-h-3---r---. __ ==2-0_0=8===:===L-M~-~B~_-~J~jr~e~co~n~s~tr~uc~t~ed~W~h~01~e~fi~sh~:==~33~.~9==1=~~~=l~5=t======~6~9~71=j 
S3-1-LB0003 reach 3 2008 LMB reconstructed whole fish 34.2 482.6 5 639 

1-=:.---:.....=:::.::.::~----------+------'--.::.=::.:-.:...:=--+-·-=-=--=-'-=--~--.=c.:..-=---~i--c.-=--=-.::,.:..:.:::..~.::~:...::.::.:..:..::c.:..::....:..:.~ __ 1---~----- -------------- ----- ------------------
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Sample 10 

Table B.2: Whole body TotHg for 3- to 5-year old (or size-equivalent) largemouth bass 
collected from Reservoir 2 (reach 3) in the Sudbury River 

Sampling Length 
Site Year Species Medium (cm) Weight (g) 

size range for 3- to 5-year ~Id largemouth bass = 26.3 em to 42.5 em ._-_._----_ ...... _---_ .... _. __ . __ .--.------

- ------_ .. 
DL - detection lim~ _____ _.---
J = estimated value 
LMB = largemouth bass 

- ... _---------1----
NA = not available 
ND not 
TotHg = total mercury 

-- ---------
U = not detected 

--- _._. 
ww = wet weight 

3 of 3 

I TotHg I ~ I (ug/kg, ww) I cti 
Age NO@1/20L .6 

H 

-, 



Sample 10 

FH3-102-MF246 
FH3-102-MF247 
FH3-102-MF248 
FH3-102-MF249 
FH3-102-MF252 

I FH3-061-R2 
FH3-065-R2 
FH3-066-R2 
FH3-077-R2 
FH3-070-R2 
FH3-072-R2 

._-

FH3-073-R2 
FH3-075-R2 
FH3-076-R2 

SAA253 
SAA254 
SAA290 
SAA289 
SAA292 
SAA376 
SAA380 

R2-LB-01 
R2-LB-02 
R2-LB-04 
R2-LB-05 
R2-LB-07 
R2-LB-09 
R2-LB-10 
R2-LB-701 
R2-LB-702 
R2-LB-704 

Table 8.3: Whole body TotHg for 5- to 7-year old (or size-equivalent) largemouth bass 
collected from Reservoir 2 (reach 3) in the Sudbury River 

I i Sampling Length 
Site I Year Species Medium (cm) Weight (g) I 

reach 3 1989 LMB reconstructed whole fish 39.6 922 
-

reach 3 1989 LMB reconstructed whole fish 37.8 624 
reach 3 1989 LMB econstructed whole fish 33.8 535 

TotHg 
:t::: 

(ug/kg, ww) Cii 
Age NO@1/20L 5 
NA 2790 J 

-
NA 2360 J 
NA 1040 J 

--
reach 3 1989 LMB reconstructed whole fish 35.4 534 NA 1390 J 
reach 3 1989 LMB reconstructed whole fish 39.6 840 NA 970 L ----- -r------

-------f------ . 
reach 3 1990 LMB reconstructed whole fish 33.2 722 5 633~_ -
reach 3 1990 LMB reconstructed whole fish 36.0 646 5 966 J ---- -

reach 3 1990 LMB reconstructed whole fish 34.7 530 5 1074 J 
reaCh-3-r . 1990 

_. 

LMB reconstructed whole fish 42.5 1155 7 1320 J _. f----- . 
c---- 36.5 --1790 

reach 3 t1990 ~ LMB reconstructed whole fish 639 5 J ------
1972 J reach 3 1990 LMB reconstructed whole fish 35.2 521 =± 5 

reach 3 1990 LMB reconstructed whole fish 40.0 858 6 1940 J 
reach 3 1990 LMB reconstructed whole fish 40.7 906 6 1595 J _._--_._-- J-reach 3 1990 LMB reconstructed whole fish 40.3 948 5 2763 --- ._--_ ..... _-

--I---- ._---:-:::-r--
reach 3 1993 LMB whole fish 40.3 I 980 NA 872.3 
reach 3 1993 LMB whole fish 32.1 450 NA 487.7 

- . -

reach 3 1993 LMB whole fish 41.0 872 NA 732.8 
- .. - .. 

reach 3 1993 LMB whole fish 37.0 748 NA 454.7 
reach 3 1993 LMB whole fish 38.4 756 NA 684.71 
reach 3 1993 LMB whole fish 39.1 946 NA 681.5 
reach 3 1993 LMB whole fish 32.5 457 NA 509.8 _.-

-
reach 3 1994 LMB whole fish less stomach 37.7 760 NA 610.0 
reach 3 1994 LMB whole fish less stomach 42.6 1184 NA 1082.4 
reach 3 1994 LMB whole fish less stomach 35.7 568 NA 656.1 
reach 3 1994 LMB whole fish less stomach 33.7 660 NA 645.3 

-_. 

reach 3 1994 LMB whole fish less stomach 36.6 715 NA 620.0 
reach 3 1994 r LMB whole fish less stomach 38.2 784 NA 988.0 
reach 3 1994 LMB whole fish less stomach 1 __ 43.5 1053 NA 1089.6 
reach 3 1994 LMB whole fish -1---- ~~:~ 1105 NAI 844.81 

--~-

reach 3 1994 LMB whole fish 497 NA I 509.4 
reach 3 1994 LMB whole fish ---r . 41.0 1040 NA 882.0 
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Sample 10 

R2-LB-705 ----_ .. 

R2-LB-708 
R2-LB-709 
R2-LB-710 

- -----,-
-. 

S3-1-FFLBOO01-0-030730 
S3-1-FFLBOO02-0-030730 
S3-2-FFLB0007 -0-030730 
S3-3-FFLB0011-0-030731 
S3-3-FFLB0012-0-030731 -_. 

S3-3-FFLB0013-0-030731 

Table B.3: Whole body TotHg for 5- to 7-year old (or size-equivalent) largemouth bass 
collected from Reservoir 2 (reach 3) in the Sudbury River 

Sampling Length 
Site Year Species Medium (em) Weight (g) 

reach 3 1994 LMB whole fish 40.6 936 ----
whole fish_ reach 3 1994 LMB 38.5 774 ------_. -_. . -

reach 3 1994 LMB whole fish 35.2 670 
---- ----

- 31.1 reach 3 1994 LMB whole fish 474 .. - ----_._--_ .. _- --_._---- f------ -_._--

reach 3 I 2003---
_._--------_. _.---

LMB reconstructed whole fish 42.5 1129 ---_ .. _--- ---_.-:--1----._---_ .. _.- -_._. 
reach 3 2003 LMB reconstructed whole fish 42.5 1055 

----- ------
reach 3 2003 LMB reconstructed whole fish 43.5 1338.2 
reach 3 

r--
2OO3 

----- -
LMB reconstructed whole fish 38.8 789.8 

reach 3 2003 LMB reconstructed whole fish 33.6 507.4 
reach 3 2003 LMB reconstructed whole fish 36.5 668.4 

. _----------_ . ---------_. 

Age 

NA 
NA 
NA 
NA 

5 
6 

--------=--+--
6 
5 
5 
5 

-

TOIH

m 
(ug/kg, ww) 
NO@1/20L 

8 
787.4 
541.2 
512.0 

717.5 __ 
942.3 

1222.3 
897.0 
426.9 
555.2 

S3-3-LB0011 reach 3 2008 LMB reconstructed whole fish 30.9 370.1 5 574 
I-S-3--3--:-LB----0-0-1-3-------+-r-ea-c-:-h-3=------I. 2q08 ___ ::-L_M:-:-=B _ _+__re_c_o-n--:st-ru--c-te_d:-w--:h_o=le:=f:is=h:=::=:=:=3:2-.1--+--45-6-.1--+--5--+-·---4-6-7+-

S3-2-LB0006 reach 3 I 2008 ____ LMB __ ......:...re::.....c'-o:..:.n:;:::..st::....ru:...cc:....te:...cd:--w:....h..:..o'-:l_e::....f-::-is::....h:_+ __ :--3:-::3:.....9=------+ ___ 5~3-=-8-::-.2._+--""CC5-+ _____ 6-:-9:--:-7 
S3-1-LB0003 reach 3~2008 __ __ LMB reconstructed whole fish 34.2 482.6 5 6 
S3-2-LB0007 reach 3 2008 LMB reconstructed whole fish 34.2 562.8 6 546 

I-S'-'3--2---L-BO-0-0-9-----·--··-+-re-a-c""C""h-3 -- -2-0-08- - -- LMB reconstructed whole fish- ---35-.-5---+--6'-0-7-.8----+--6--+----6-'-2-6-l--I 
I-------------~---

---··---------·--1--------------1-----+-·-----·---+--1--------+---I 
size range for 5- to 7-year old largemouth bass = 30.9 em to 43.5 em 

:::-:----:--,.....-:-c:---c::--:-:--·---·---+---··---+--------f--------j---------------I------+------+---I-------+--
OL - detection limit 
J = estimated value 
LMB = largemouth bass 
I----~~----------I___-----+--------I------__+·-----------------·-·__+------f--------1---__+·--------l-4 
NA = not available 

---I--------+--------~------+_---------------_+_-----_+-----I___--1------~-4 
NO = not detected 1=---:-:-------,-------.-----+-----+--------.. ---[---------------------t-·----_t__-----r--+-----t---1 
TotHg = total mercury 
I---~----~~---+_-------~-------_t__-------+-------------_I__----+_-----_+-_1__------+--1 
U = not detected 
~~~..:.::..::..~--------I--------+-------------I----------~---------------I___------+------~--+------_+_-I 

ww = wet weight 
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Table 8.4: Whole body TotHg for 3- and 4-year old (or size-equivalent) largemouth bass 
collected from Reservoir 1 (reach 4) in the Sudbury River 

I TotHg ~ 
Sampling Length, (ug/kg, ww) co 

Sample 10 Site Year Species Medium (cm) Weight (g) Age I NO@1/20L 5 
FH3-103-MF207 reach 4 1989 LMB reconstructed whole fish 35.4 618 N~ 721 J 

I-F-H-:-3--1-0-3--:-M-=F2-1-6---------+---r-e--ac-h-4--.. --l----1--:9-,-8--:-9--+-----:-L--::-M··c:-::~ --re-c-on-s-tr-ucted-w-ho-Ie-f-is-h- -·--3--5.-7--+--5-2-8-----I---:-N--A -1 __ ---72':tJ 
FH3-1 03-MF217 ----~eac-h-4-+------1989 -t----:-L--::--M-:::B=-- reconstructed whole fish 32.9 439 --TA 1- 998 J . 

- i ~-

F=-:H--:-3::c-----:-12-=--8=--=R'71---.. ----.. ----t---r-ea-c--:--h-4 ...... - "-1-9-90---"--L'-M-B--'''-re-co-n-st--:ru--c-te-d·-:-w--:-ho-cle------:-cfis-:h-r--.. --2c-:0c-.1-:---f----1-.. -1:-:1----1-~1 ___ -.. 612 hJ-
:!=F=H=3=-.1=3=0=-R=1=-~=-=-.-=--=--_~ .. =-=-_--~-~--I~-__ -r~e=-a<?~~ --199'0-"--" ____ L,...-,M __ .. B ____ -+ reconstructed whole fish I 14 __ .8_-+-__ 18_1 3 I 108 U 
FH3-131·R1 reach 4 1990 LMB reconstructed whole fish I 23.5 146 3 198 U 

I--I-F-----:-H3--.·1-3-4--R-1-----------+-r-e-ac .. -=h--4-.. ---1-9-9-0----l-----:-L:-cM=B- reconstructed whole fish I 25.7 204 3 906J 
FH3 137 R1 -------+--r-e-a----cch-4-:----t-------1-9c·-9c-0-_-_i~I--_ -_ -:-:-:-:LM~=B-_ _+_reconstructed whole fish C 23.2 161 3 791 J 

FH3:13S:R1 -~-ieach4--I_ 1990- LMB _::_ns_tru_c_te_d_w_hC?_le==+=~~.2 235 3 139 U 

S4+FFLB0001-0-03073i- --reach4- 2003-- LMB reconstructed wh0..le fish I 36.2 575.4 .. -4----42-8~2'-----
S4-1-FFLB0002-0-030731 . reach 4 T 2003-"--- LMB reconstructed whol:-e~fi:---sh;-------if-----=--34-:-.-=-8--+-------::5::::7-=-2.--:-4---t---:-4-+---C-:4::::7=3t-
I~--:-==~~~~~~~___ '_~~~-I-_~=--+ 

S4-1-FFLB0004-0-030731 . reach 4 --l-.. 2003 LMB reconstructed whole fish ______ -,3:-::5-:.8::----+-_=5:..-:6:-:5=---+ __ 4--:--+____---5-6-:--::9-.2--t---
S4-1-FFLB0005-0-030731 reach 4 I 2003 LMB reconstructed whole fish 33.6 503.7 4 549.6 
S4-2-FFLB0006-0-030731 reach 4 C .. 2003 -cL .......... M ........ B----+--r-ec-o-n-st-ru-cted whole fish .. -----3=--=0---.8::------1f----=--38-:::-4:-.4--:---+--4--:--t-----6=--1c:=7c-.1=+---l 
S4-2-FFLB0007-0-030731 reach 4 I 2003 LMB reconstructed whole fish 33.0 476.6 3 428.5 
S4-2-FFLB0008-0-030731 reach 4-"T 2003 -t----:-L-:cM-=B-----+--r-ec-o-n-structed whole fish -3-0"-.3---+--3-75-.-5-+--3-+-'---35-3-.6-+---1 
. --1---'" .. ·-.. ------:-~-+____-·:_::-==_-_+_·-----.. ----,-·__,_____c---!__----f---: _______ -__+-· 

S4-2-FFLB0009-0-030731 reach 4 . I 2003 _--:-L---:-M-:-::B::---_1 __ r_ec_o_n_st_ru_cted whole fish 31.0 371.8 4 597.9 
S4-2-FFLB0010-0-030731 reach "!.. .. ~=t-2003 LMB reconstructed whole fish 31.8 445.7 3 316.5 

size range for 3- & 4-year old largemouth bass = 14.8 em to 36.2 em ---r----r -----------------]-----+-------j--+-------+_ .. -
----... ·-1----------_·_---_ .... _- ------+------+---+------1---1 I-O-L-" d-e-te-ct-io-n-lim-it----·=r-==--=------r 

I-J-=-e-st:-im-at-ed-:-v-ac-Iu-e------- t= -1----
LMB = largemouth b_a.s_s ____ .. _ .. -= .. _____ .. _'_-_:......--~--:_-__ -_ -_ -+-+-_-_-~ ... _-__ ---+--------.. -_=-=~_-_____ ------+-----+--+-------+-----1 
NA = not available 

\-::N:--:0-:-c=_n::....ot::....de::....te:;....c_te_d ----~-----if_----=---.-.. - __ -:.._--_~ .. =~===_ .. -_-_-_-.... -_'
1
1---_ -_ -_-_--_-_ -_ -_ -_ -__ -_ .... ~-._-_-_ -_ -_ -~--.. -~-~-.... -=--=--=--=-~-=--=--=--=--=--=--=--=-:-=--=--=-:-=--=--=--=--=--=--=--=--=--~ .... ~ 

J-T_ot_H-"....g _= -,---to_ta_1 m_e-:-rc_u_ry..e... ___ .. __ ~_-------+--_-... _._=_-..... -... -+-------t-... ---------....... --+-------j------f---+------f---1 
U = not detected I .. . ...... . 
ww = wet weight I 
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Table 8.5: Whole body TotHg for 3- to 5-year old (or size-equivalent) largemouth bass 
collected from Reservoir 1 (reach 4) in the Sudbury River 

Sampling Length 
Sample 10 Site Year Species Medium (cm) Weight (g) 

-~ I FH3-1 03-MF207 reach 4 1989 reconstructed whole fish 35.4 618 -- -_._-----r-
FH3-103-MF216 reach 4 1989 reconstructed whole fish 35.7 528 

___ ~ea~_,! __ 1989-FH3-103-MF217 LMB reconstructed whole fish 32.9 439 --------_._----- f--------.. - ._------_ ...... 1---

---~------ -~-.-----.-

FH3-128-R1 reach 4 1990 LMB reconstructed whole fish 20.1 111 
----------------- .. _ .. _------- ----_._.-. 

FH3-130-R1 reach 4 1990 LMB reconstructed whole fish 14.8 181 
.. _-- . -- --_. --

FH3-131-R1 reach 4 1990 Uy1B reconstructed whole fish 23.5 146 
FH3-132-R1 reach 4 1990 LMB reconstructed whole fish 35.0 605 

reach 4 1990-
-_ .. 

FH3-134-R1 LMB reconstructed whole fish 25.7 204 
. -

FH3-135-R1 reach 4 1990 LMB reconstructed whole fish 36.5 707 .. __ . 

FH3-137-R1 reach 4 1990 LMB reconstructed whole fish 23.2 161 _._-r-------
FH3-138-R1 reach 4 1990 LMB reconstructed whole fish 26.2 235 

------_.- .---

FH3-145-R1 reach 4 1990 LMB reconstructed whole fish 35.8 534 -----_ .. - -_. __ .- 1----

._.-
reconstructed whole fisll]-- r----s75.4 S4-1-FFLBOO01-0-030731 reach 4 2003 LMB 36.2 

---
S4-1-FFLBOO02-0-030731 reach 4 2003 LMB reconstructed whole fish 34.8 572.4 -r- 2003-

-
reconstructed whole fish 

--
S4-1-FFLBOO04-0-030731 reach 4 LMB 35.8 

... 
565 

S4-1-FFLBOO05-0-030731 reach 4 I 2003 LMB reconstructed whole fish 33.6 503.7 
S4-2-FFLBOO06-0-030731 reach 4 2003 LMB reconstructed whole fish 30.8 384.4 

-
S4-2-FFLB0007 -0-030731 reach 4 2003 LMB reconstructed whole fish 33.0 476.6 

-
S4-2-FFLBOO08-0-030731 reach 4 2003 LMB reconstructed whole fish 30.3 375.5 

-
S4-2-FFLBOO09-0-030731 reach 4 2003 LMB reconstructed whole fish 31.0 371.8 
S4-2-FFLB0010-0-030731 reach 4 2003 LMB ~econstructed whole fish 31.8 445.7 

-

--~-

size range for 3- to 5-year old largemouth bass = 14.8 em to 36.5 em 

-c------- - -. 
OL - detection limit 

------- -------_.- -
J = estimated value ._ .. _-- ""-_._ .. _ .. - --_. 
LMB = largemouth bass 
NA = not available _._--
NO not 

.- - .. _" . --- --_.- .-

TotHg = total mercury 
U = not detected - --_._-_.---'- ----------_._-_ . . _ .. -------_._._-----
ww = wet weight 

1 of 1 

I TotHg ::: 
(ug/kg, ww) ItS 

Age NO@1/20L c5 
NA 721 J 
NA 721 J 

---" 

NA 998W 3 612 
3 108 U 

.. -----ru 3 198 
5 1269 J 
3 906 J .=-- -_._--

5 884 J 
3 791 J 
3-- 139 U 

r- 5 1152 J 

4 428.2 
4 473 
4 569.2 
4 549.6 
4 617.1 
3 428.5 
3 353.6 
4 597.9 
3 316.5 

------

-------- -

-r--



Table B.6: Whole body TotHg for 5- to 7-year old (or size-equivalent) largemouth bass 
collected from Reservoir 1 (reach 4) in the Sudbury River 

I I 
Sampling Length 

Sample 10 Site Year Species Medium (cm) Weight (g) 

FH3-103-MF201 reach 4 1989 LMB reconstructed whole fish 40.5 1116 
----- ------

FH3-103-MF202 reach 4 1989 LMB reconstructed whole fish 39.6 949 
.. _--- ---

FH3-103-MF207 reach 4 1989 LMB reconstructed whole fish 35.4 618 
FH3-103-MF216 

-_ ... _- ._--------

reach 4 1989 LMB reconstructed whole fish 35.7 528 --
_~~_~<2~4 FH3-103-MF215 1989 LMB reconstructed whole fish 36.6 646 

--
FH3-1 03-M F220 reach 4 1989 LMB reconstructed whole fish 38.1 722 

------ -_. __ .. _-

-------_ ... -_._-----_ .. _- ---
FH3-132-R1 reach 4 1990 LMB reconstructed whole fish 35.0 605 .. _--_ ... ---------- -

FH3-135-R1 reach 4 1990 LMB reconstructed whole fish 36.5 707 
FH3-136-R1 reach 4 1990 LMB reconstructed whole fish 38.0 770 

------:::- --
FH3-139-R1 reach 4 1990 LMB reconstructed whole fish 39.9 858 
FH3-140-R1 reach 4 1990 LMB reconstructed whole fish 38.1 763 
FH3-141-R1 reach 4 1990 LMB reconstructed whole fish 40.7 913 
FH3-143-R1 reach 4 1990 LMB reconstructed whole fish 40.0 867 

--- -- 1990--- ---
FH3-144-R1 I reach 4 LMB reconstructed whole fish 39.8 872 ------f-- --
FH3-145-R1 ~_ reach 4 1990 LMB reconstructed whole fish 35.8 534 
,---

~-----f--S4-1-FFLBOO03-0-030731 reach 4 2003 LMB reconstructed whole fish 37.5 774.8 
1----

- ------------~-- -_._--- --r--------
size range for 5- to 7-year old largemouth bass = 35.0 em to 40.7 em ----_ ... _-------_ .... _- . 

DL - detection limit 
- --

J = """"I1Q''''U value -------_._--- . 

LMB = largemouth bass -_ .. 
NA = not available ._---_ .. 
ND = not detected 
TotHg = total mercury 
U = not detected 

--
ww = wet weight 

1 of 1 

TotHg 
~ 

(ug/kg, ww) ca 
Age NO@1/20L 5 
NA 524 J 
NA 490 J 

--
NA 721 J 

---
NA 721 J 
NA 1028 J 
NA 1082 J 

5 1269 J 
5 884 J 
6 910 J 
6 805 

-,--
J 

6 221 U 
7 1~! [ 6 J 
7 955 J 

--
5 1152 J 

6 629.4 -- f---

R 
i 

----~ 

--



Sample 10 

SB-LB-01 
SB-LB-03 
SB-LB-05 
~ 

SB-LB-07 .. _--

SB-LB-09 
SB-LB-10 
SB-LB-704 
SB-LB-705 

Table B.7: Whole body TotHg for 3- and 4-year old (or size-equivalent) largemouth bass 
collected from Great Meadows NWR (reach 8) in the Sudbury River 

Sampling Length 
Site Year Species Medium (cm) Weight (g) Age 

reach 8 1994 LMB whole fish less stomach 32.9 488 NA -_ .. -
.. whol~ fish less stomach reach 8 --t-1994 ___ LMB 31.2 432 NA --_ ... - -_._-_._------_. 

reach 8 1994 LMB whole fish less stomach 29 321 NA . _. __ ._--_._ .. _ .. - ... -

reach 8 1994 LMB whole fish less stomach 30.7 354 NA 
reach 8 1994 LMB whole fish less stomach 33.6 451 NA -_._---_.- .. _---_._--- _. 
reach 8 1994 LMB whole fish less stomach 28.1 288 NA 

... _------_.-
reach 8 1994 LMB whole fish less stomach 32 420 NA 

--------_._--_ .. 
reach 8 1994 LMB 33.8 565 NA 

I 

SB-LB-706 
c-------

reach 8 1994 LMB 
whole fish less stomach I 
whole fish less stomach 31.1 446 NA 

---LMB -- -----------
SB-LB-707 reach 8 1994 whole fish less stomach 31.2 425 NA 

----------
SB-LB-708 reach 8 1994 LMB whole fish less stomach 29.6 437 NA ----_ .. __ . 
SB-LB-709 reach 8 1994 LMB whole fish less stomach 30.5 446 NA .. _---_._. _.- ------
SB-LB-710 reach 8 1994 LMB whole fish less stomach 31.7 474 NA 
SB-LB-10-06 

----- 1----
reach 8 1994 LMB whole fish less gut 31.2 425 NA 

SB-LB-10-07 reach 8 
1----

1994 LMB whole fish less gut 33.2 495 NA --
SB-LB-10-08 reach 8 1994 LMB 

---
whole fish less gut 30.4 358 INA 

SB-LB-10-09 reach 8 1994 LMB whole fish less gut 30.1 361 NA --_.-
1994-- -SB-LB-1 0-1 0 reach 8 LMB whole fish less gut 32.3 400 NA 

.- 1--

2003 --- -_._-----

S8-2-FFLBOO01-0-030806 r---reach 8 LMB reconstructed whole fish 35.6 787.6 -
S8-2-FFLBOO02-0-030806 

---:--
reach 8 2003 LMB reconstructed whole fish 33.5 624.5 4 _. 

S8-2-FFLBOO04-0-030806 reach 8 2003 LMB reconstructed whole fish 30.6 499 4 
- . -

SS-O-LB0020---- reach 8 2008 LMB reconstructed whole fish 30.2 445.5 3 
---

S8-0-LB0021 reach 8 2008 LMB reconstructed whole fish 27.9 334.5 4 
--

I S8-0-LB0014 reach 8 2008 LMB reconstructed whole fish 29 328 4 
S8-0-LB0022 reach 8 2008 LMB reconstructed whole fish 29.3 349.2 4 ._- . 

S8-0-LB0015 reach 8 2008 LMB reconstructed whole fish 29.5 I 426.8 4 
S8-0-LB0018 reach 8 2008 LMB reconstructed whole fish 29.5 q59.7 4 
S8-0-LB0023 reach 8 2008 ··--[MB-- -reconstructed whole fish 35.9 609.6 4 -_. __ . 

----.--.--- ----_._--_._-------- ---------

size range for 3- & 4-year old largemouth bass = 27.9 em to 35.9 em .. __ .. __ . -_.-... -"'.. 

I .... _---
DL • detection limit ND = not detected 

.. ---1=- . -----
J = estimated value TotHg = total mercury ._._._--r- ... 
LMB = largemouth bass U = not detected -_ .. _- ---- -_._ .. _ .. __ . 

NA = not available ww = wet weight 
1 or 1 

TotHg 
~ (ug/kg, ww) t'Il 

NO@1/20L 5 
802 
335 
624 
513 

~-----.--. r--
788 
762 
783 
745 
673 

-

462 
578 
646 
641 
640 
851 
379 
500 
228 

567 
387 
425 

576: 
746'-

-
389 
502 
665 
486 

1005 

I I 
--



Table B.8: Whole body TotHg for 3- to 5-year old (or size-equivalent) largemouth bass 
collected from Great Meadows NWR (reach 8) in the Sudbury River 

I 
TotHg I...: 

Sampling Length (ug/kg, ww) I ~ 
Sample 10 Site Year Species Medium (cm) Weight (g) Age NO@1/20L 1& 
SB-LB-01 reach 8 1994 LMB vvhole fish lessst~~32.9 488 NA 802 --_._ ... _ ..... _. __ .. -_ .. _ .... ------1----1---
SB-LB-02 reach 8 1994 LMB whole fish less sto 36.5 574 NA 517 _. ._-_ .. _---

f--- LMB 
._. . 

SB-LB-03 reach 8 1994 whole fish less stomach 31.2 432 rnA 335 
SB-LB-04 reach 8 r----+~}l--r t~~ whole fish less stomach 36 

------- -
631 NA 865 --_ ...... _. __ . .. .. . 

-321 - N7\ t--------
SB-LB-05 reach 8 whole fish less stomach 29 624 
SB-LB-07 reach 8 1994 - -LMB---- -----1---30.7 354 --NA whole fish less stomach 513 
-::::-=-. ------_._----

reach 8 
... _----

SB-LB-09 1994 LMB whole fish less stomach 33.6 451 NA 788 _. _. 

SB-LB-10 reach 8 1994 LMB whole fish less stomach 28.1 288 NA 762 
.-

SB-LB-703 reach 8 1994 LMB whole fish less stomach 40 825 NA 936 
SB-LB-704 reach 8 1994 LMB whole fish less stomach 32 420 NA I 783 

"_--"'--' - - f--
SB-LB-705 reach 8 1994 LMB whole fish less stomach 33.8 565 NA 745 --------
SB-LB-706 reach 8 1994 LMB whole fish less stomach 31.1 446 NA 673 ... _ ... __ . 
SB-LB-707 reach 8 1994 LMB whole fish less stomach 31.2 425 NA 462 

---- ..... __ .. 
SB-LB-708 reach 8 1994 LMB whole fish less stomach 29.6 437 NA 578 
SB-LB-709 reach 8 1994 LMB whole fish less stomach 30.5 446 NA 646 
SB-LB-710 reach 8 1994 LMB whole fish less stomach 31.7 474 NA 641 ... __ .. 

SB-LB-1 0-03 reach 8 1994 LMB whole fish less gut 38.6 649 NA 1012 -_. 
SB-LB-10-04 reach 8 1994 LMB whole fish less gut 40.4 849 NA 561 
SB-LB-10-05 -~::~~ ~ 1- ~ :-~-1- LMB whole fish less gut 38.2 810 NA 517 
SB-LB-1 0-06 ---C-MB 

-- ------ -
whole fish less gut 31.2 425 NA 640 

SB-LB-10-07 reach 81---1994- LMB I whole fish less gut 33.2 495 NA 851 
SB-LB-10-08 reach-S __ l__ 1994----r--

LMB . whole fish less gut 30.4 358 INA 379 
-_. 

SB-LB-10-09 reach 8 1994 LMB whole fis~ less gut 30.1 361 NA 500 
- - --

SB-LB-1 0-1 0 reach 8 1994 LMB whole fish less gut 32.3 400 NA 228 
--

S8-1-FFLBOO02-0-030805 reach 8 2003 LMB reconstructed whole fish 41 878 5 916 
S8-2-FFLBOO01-0-030806 reach 8 2003 LMB reconstructed whole fish 35.6 787.6 - 567 

--
S8-2-FFLBOO02-0-030806 reach 8 2003 LMB reconstructed whole fish 33.5 624.5 4 387 
S8-2-FFLB0003-0-030806 I reac!JJ3. 2003 LMB reconstructed whole fish 39.7 1062.8 5 I 

647 
S8-2-FFLB0004-0-030806 reach 8 2003 LMB reconstructed whole fish 30.6 499 ,4 425 
S8-3-FFLB0003-0-030805 j r-------. 

LMB 
._. 

reconstructed whole fish reach 8 2003 41.4 1050 5 601 

~ 576-S8-0-LB0020 reach 8 2008 LMB reconstructed whole fish 30.2 445.5 
---- -

S8-0-LB0021 reach 8 2008 LMB reconstructed whole fish 27.9 334.5 4 746 

1 of 2 



Table B.8: Whole body TotHg for 3- to 5-year old (or size-equivalent) largemouth bass 
collected from Great Meadows NWR (reach 8) in the Sudbury River 

, 

Sampling I Length 
Sample 10 Site Year Species Medium (cm) Weight (g) 

S8-0-LB0014 reach 8 2008 LMB reconstructed whole fish 29 328 
S8-0-LB0022 reach 8 2008 LMB reconstructed whole fish 29.3 349.2 
S8-0-LB0015 reach 8 2008 LMB reconstructed whole fish 29.5 426.8 

-- -

S8-0-LB0018 reach 8 2008 LMB reconstructed whole fish 29.5 359.7 ._-_ .. _------ --------- - -

S8-0-LB0023 reach 8 2008 LMB reconstructed whole fish 35.9 609.6 
S8-0-LB0016 reach 8 2008 LMB reconstructed whole fish 32.2 436.5 .-- ------1--

reconstructed whole fish S8-0-LB0026 reach 8 2008 LMB 35.2 486.6 

.. _---- -
size range for 3~.to 5-year old largemouth bass = 27.9 em to 41.4 em 

-- -----

I DL - detection limit 

J = estimated value 
LMB = largemouth bass 

NA = not available -- ----
ND = not detected 
TotHg = total mercury 

--1--
U = not detected ... _--1----- --
ww = wet weight 

2 of 2 

TotHg ::: 
(ug/kg, ww) ItS 

Age NO@1/20L 5 
4 389 
4 502 

-
4 665 
4 486 

----
4 1005 
5 664 

I 5 704 

--

---

-



Table B.9: Whole body TotHg for 5- to 7-year old (or size-equivalent) largemouth bass 
collected from Great Meadows NWR (reach 8) in the Sudbury River 

Sampling I Length 
Sample 10 Site Year Species Medium (cm) Weight (g) 

SB-LB-01 reach 8 1994 LMB whole fish less stomach 32.9 488 ---------- +--
SB-LB-02 reach 8 1994 LMB whole fish less stomach 36.5 574 
SB-LB-04 reach 8 1994 LMB whole fish less stomach 36 631 
SB-LB-06 reach 8 1994 LMB whole fish less stomach 41.9 938 ------------- -- ._-_ .. . .. _----_._----- .. ". 

SB-LB-08 reach 8 1994 LMB whole fish less stomach 44.3 1274 
SB-LB-09 reach 8 1994 LMB whole fish less stomach 33.6 451 
SB-LB-703 reach 8 1994 LMB whole fish less stomach 40 825 

-::- -
reach 8 whole fish less stomach SB-LB-705 1994 LMB 33.8 565 

SB-LB-10-03 reach 8 1994 LMB whole fish less gut 38.6 649 
SB-LB-10-04 reach 8 1994 LMB whole fish less gut 40.4 849 

---
. SB-LB-10-05 reach 8 1994 LMB whole fish less g_l:!~ ___ 38.2 810 
I SB-LB-1 0-07 reach 8 1994 LMB whole fish less gut 33.2 495 ---. 
SB-LB-1 0-1 0 reach 8 1994 LMB whole fish less gut 32.3 400 

c-----------
S8-1-FFLBOO02-0-030805 reach 8 2003 LMB reconstructed whole fish 41 878 
S8-1-FFLBOO04-0-030805 reach 8 

1--------------
2003 LMB reconstructed whole fish 43.6 1204 

S8-2-FFLBOO01-0-030806 reach 8--
-------

2003 LMB reconstructed whole fish 35.6 787.6 
S8-2-FFLBOO03-0-030806 reach 8 2003 LMB reconstructed whole fish 39.7 1062.8 
S8-3-FFLBOO01-0-030805 reach 8 2003 LMB reconstructed whole fish 37 751.2 
S8-3-FFLBOO02-0-030805 reach 8 2003 LMB reconstructed whole fish 45.5 1623 
S8-3-FFLBOO03-0-030805 

-- -- -_ .. _------I---
LMB reach 8 2003 reconstructed whole fish 41.4 1050 

._--- ---- ----

S8-0-LB0016 reach 8 2008 LMB 
- ---,---

reconstructed whole fish 32.2 436.5 
---------------- --LMB S8-0-LB0026 reach 8 2008 reconstructed whole fish 35.2 486.6 

S8-0-LB0019 reach 8 2008 LMB reconstructed whole fish 35.1 629.5 
-

S8-0-LB0017 reach 8 2008 LMB reconstructed whole fish 36.6 656.9 --
S8-0-LB0025 reach 8 2008 LMB reconstructed whole fish 36.6 726.7 

--- -_ ... 
S8-0-LB0024 reach 8 2008 LMB reconstructed whole fish 4 1103.8 

--------

-----
size range for 5- to 7-year old largemouth bass = 32.2 em to 45.5 em 
-- ----"-

Age 

NA 
-NP: 

NA 
NA 
NA 

INA 
NA 

INA 
NA 
NA 

'-NA 

NA 
NA 

5 
6 
-
5 
6 
7 
5 

5 
5 
6 
6 
6 
7 

-------- - - --------
DL -- detection limit ND = not detect~d 
J = estimated value TotHg = total mercu.'}' _____ 

--- -------------------- --
LMB = largemouth bass U = not detected 

--
ww = wet weight 

--- . --r-----
NA = not available 

1 of 1 

TolHg J!l 
(uglkg, ww) ~ 
NO@1/20L 

802 
517 
865 
686 r----
980 
788 
936 
745 

1-

1012 
561 
517 
851 
228 

916 
846 
567 
647 
729 

r----

759 
--

601 

664 
704 
774 
844 
844 
837 

---



Table B.10: Whole body TotHg in 3- and 4-year old (or size-equivalent) largemouth bass 
collected from Fairhaven Bay (reach 9) in the Sudbury River 

! 
Sampling Length 

Sample 10 Site Year Species Medium (cm) Weight (g) Age 

S9-0-FFLBOO04-0-030806 reach ~_~~003 __ LMB reconstructed whole fish 33.7 552.1 4 
----------

S9-0-FFLBOO05-0-030806 reach 9 --l___ 2003 LMB reconstructed whole fish 32.0 464.5 4 
S9-0-FFLBOO06-0-030806 reach 9 2003 LMB reconstructed whole fish 33.0 513.5 4 

--=------------_. ------
S9-0-FFLB0007 -0-030806 reach 9 2003 LMB reconstructed whole fish 31.1 375.8 3 
S9-0-FFLBOO08-0-030807 reach 9 2003 LMB reconstructed whole fish 29.5 427.3 3 

-----------
I r 

1----------------- --------------
~.6 S9-0-LB0038 reach 9 2008 LMB -reconstructed whole fish 330.9 4 

S9-0-LB0032 reach 9 2008 LMB reconstructed whole fish 30.7 472.3 4 
- - ---

S9-0-LB0034 reach 9 2008 LMB reconstructed whole fish 31.5 462.3 4 
------- --------

S9-0-LB0037 reach 9 2008 LMB reconstructed whole fish 32.2 456.3 4 --------------

-
size range for 3- & 4-year old largemouth bass = 29.5 em to 33.7 em -_ ... f-------

. __ . ~ 
DL - detection limit 
J = estimated value 

--I---

LMB = largemouth bass 
~.---- --

NA = not available 
--- -----_._---_._. r--

ND = not detected 
TotHg = total mercury 

----- ---_._--_._- -------
U = not detected 

I 
- --I---

weight 

1 of 1 

I TotHg 
~ (ug/kg, ww) C'CI 

NO@1/20L c5 
524 
499 

--
549 

!---
442 
441 
----

556 
830 
795 
809 

--

1 



Table B.11: Whole body TotHg for 3- to S-year old (01' size-equivalent) largemouth bass 
collected from Fairhaven Bay (reach 9) in the Sudbury River 

Sampling Length 
i 10tNg 

Sample 10 Site Year Species Medium (cm) Weight (g) 
I (ug/kg, ww) 

Age NO@1I20L 

33.7 552.1 4 524 
-- --~-

_._._ ... -
32.0 464.5 499 

S9-0-FFLBOO--::.0_4:::---_0=-:-0::-=3c:=0-=8_0:=c6=--+-_re_a __ c-:--h __ -=9:c---~--~OO~_ LMB reconstructed whole fish 
005-0-030806 reach 9 I 2003 LMB reconstructed whole fish 

-
33.0 513.5 I 4 549 
31.1 375.8 3 442 

------
S9-0-FFLB0008-0-030807 reach 9 2003 LMB reconstructed whole fish 29.5 427.3 3 441 

'--

29.6 

~~:~~~~~~~;~:~g:: ;::~~ ~ ~ ~~;--=-c--:::- J;;~~:;~~::~ :~:: ::~~ 
------~--~~=---r____-- --~~~~--~----+-------_+--~--------~-I 

S9-0-LB0038 reach 9 I 2008 LMB reconstructed whole fish 330.9 4 556 
30.7 472.3 4 830 

--
I-::S,-9_-0_--,-L::::-BO_0-:3:-2 __ =====-----t-----r-ea-ch ~ __ J --2Q.Q8 LMB reconstructed whole fis--;-h __ + __ -=-=-,-=-

31.5 462.3 4 795 
32.2 456.3 4 809 

S9-0-LB0034 reach 9 J 2008 LMB reconstructed whole fish 
S9-0-LB0037--------+--re-a-c-:-h-::9:c-1-2008- LMB reconstru-c-C-te-d-:-w-:-ho-:I-e-::fi,-,sh:--I----=---::--=---+----:c=::-::-::--+---,----1----------'::--=-::--11--1 

t-:S=---9----0-=-----L=B---0-=-02:=c8=------- reach 9 I 2008 LMB reconstructed whole fish 30.2 5 617 405.9 
31.1 369.2 5 872 

l~~~~~-----------f-------:-:-~r------~--~~~-+----~--~~~__::~-r--~~-r-~~~-r-~~------~~~ 
S9-0-LB0031 reach 9 2008 LMB reconstructed whole fish 

32.8 
f----

641 463.7 5 
-

I 33.0 480.3 5 663 
37.2 754.4 5 718 

---t---::--o-
S9-0-LB0035 reach 9 2008 LMB reconstructed whole fish 
1-,-----____ -----------+--- ------=--:---:-;---;--+----:::-c~ 

S9-0-LB0039 reach 9 2008 LMB reconstructed whole fish 
~~~~~----------+---~~ 
S9-0-LB0036 reach 9 2008 LMB reconstructed whole fish -----------+------------
t----------------------L--------- ----------~-------_+_-----------------+---- f--- -----

t------~--------t__-----t--------+---------!-------------------r_-------~-------+---t__-------~-l 

OL - detection limit 
~:--'-'=--e-'-st-:-im-'-'a--:--te'-:--d -va-:--Iu-e-------t-----------------------'---I-----------+----------------------~-----------I------___it___+---------I____l 

~L-M-B-=-la~rg~e-m-ou:-th-b-a-ss------_+-------------------------------,-----------------------t-------~--------t__~--------~__l 
NA = not available 

I-:N-=O-='-:--n-'-ot---d'-:--et'-ec-C-te-:d------------- -----------+----------- --------1--------------------1-------_+_-------1------1------------1
1
---1 I 

TotHg = total mercury 
U = not detected 
ww = wet weight 

------1----------1----- ---t----------- ------------------ -------!------_+--1-----+--I 

1 of 1 



Table B.12: Whole body TotHg for 5- to 7-year old (or size-equivalent) largemouth bass 
collected from Fairhaven Bay (reach 9) in the Sudbury River 

I 
Sampling Length 

Sample 10 Site Year Species Medium (cm) Weight (g) Age 

FH3-232 reach 9 1990 LMB reconstructed whole fish 39.8 824 6 
FH3-233 re<;lch 9 1990 LMB reconstructed whole fish 43.0 1355 6 

LMS-
- _ .. -----r--

FH3-234 reach 9 1990 reconstructed whole fish 46.1 1630 7 --- ~.----. . 

FH3-235 reach 9 1990 LMB reconstructed whole fish 43.0 1270 6 -------_._---- ._._------ ._._------_._---- -
FH3-239 reach 9 1990 LMB reconstructed whole fish 45.6 1269 7 --- -_ .. 

S9-0-FFLBOO01-0-030806 reach 9 2003 LMB reconstructed whole fish 46.5 1510 6 
S9-0-FFLBOO02-0-030806 reach 9 

1--------
2003 

r---
LMB reconstructed whole fish 46.0 1430 6 

S9-0-FFLBOO03-0-030806 
----,--;--- - - -

reach 9 2003 LMB reconstructed whole fish 40.0 977.5 6 
S9-0-FFLB0010-0-030807 reach 9 2003 LMB reconstructed whole fish 42.5 1152 6 

r----------- .. _._----_._-_. __ . - -

------------
Creach 9 S9-0-LB0028 2008 LMB reconstructed whole fish 30.2 405.9 5 

reconstructed whole fish- 31.1 --S9-0-LB0031 reach 9 2008 LMB 369.2 5 -- --LMB reconstructed whole fish S9-0-LB0035 reach 9 2008 32.8 463.7 IT ---r---------r---------- -- LMB --

S9-0-LB0039 reach 9 2008 reconstructed whole fish 33.0 480.3 
S9-0-LB0036 reach 9 2008 LMB reconstructed whole fish-- 37.2 754.4 5 
S9-0-LB0033 reach 9 2008 LMB reconstructed whole fish 36.6 709.9 6 

-- --------- _._------_._-_._ . . . _-
S9-0-LB0027 reach 9 2008 LMB reconstructed whole fish 39.5 1054.9 6 
S9-0-LB0029 reach 9 2008 LMB 

-~-

932.9 S-reconstructed whole fish 39.7 -- ----_._ .. r--- -
S9-0-LB0030 reach 9 2008 LMB reconstructed whole fish 36.8 694.2 7 

-

--
size range for 5- to 7-year old largemouth bass = 30.2 em to 46.5 em 

--- ---_ .. -~-

-- ----
OL • detection limit 

... - ._-----_ ... . .. _-----
J = estimated value 

---~--------

LMB = largemouth bass 
NA = not available 

-- ---_._------
NO = not detected 

--- ------------ --
TotHg = total mercury 

------1----------------
U = not detected -- -----------I-----r ww = wet weight 

1 of 1 

TotHg 
:t:: 

(ug/kg, ww) C'CI 

NO@1I20L d 
620 J 

1460 1-
830 J 

---'j-2020 
669 J 

12631 
8811 
640 
802 

--

--- -
617 _._-

872 
641 

--

663 
718 ,--
739 

I 718 
r----

9001 
732 

-- -

-- -

.. _-_._- -
I 

--c--
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Abstract 
 
Methyl m ercury i s a n i mportant e nvironmental neurotoxin t hat r equires e cological a nd 
human r isk assessments f or m ercury-contaminated a quatic e cosystems.  T he S udbury 
River, MA, USA, received tons of mercury loading from the Nyanza chemical waste site 
during its years of operation from 1917 to 1978, resulting in elevated levels of mercury in 
both sediments and fish, and an increased ex posure r isk t o anglers who consume t heir 
catch. The Sudbury River i s a  h ydrologically d ynamic system, consisting of  reservoirs, 
wetlands, a nd f loodplains, w ith hi gh f low a nd l ow f low pe riods dur ing t he year.  A  
spatially-resolved, dynamic water quality mechanistic model was created using the Water 
quality Analysis Simulation Program (WASP7, v7.3) to investigate the mercury cycling 
within the Sudbury River, the possibility of long-term exposure risk, and evaluating the 
effectiveness of different remedial alternatives. The current state of mercury science and 
understanding does not permit mercury modeling with pre-determined parameterization. 
Therefore, the Sudbury River system was investigated using mechanistic modeling.  This 
modeling suggests that the total mercury exposure risk within the Sudbury River system 
is a ttributable to  a c ombination of : 1) m ercury atmospherically d eposited ont o t he 
Sudbury River watershed and its subsequent erosion and runoff to the Sudbury River, 2) 
the hi storical release of m ercury from t he Nyanza S ite, a nd 3)  t he r ecycling, 
transformation and t ransport of  ba ckground and Nyanza mercury. In ce rtain r eaches o f 
the Sudbury River, the modeling suggests that the dominant fraction of mercury exposure 
risk i s d riven b y t he mercury loading c oming f rom th e w atershed ( originally f rom 
atmospheric deposition) with a secondary fraction due to the Nyanza site. In all reaches 
of t he S udbury R iver, both a tmospheric and Nyanza–related m ercury ( i.e., hi storical 
mercury de posits now  in pr esent i n s ediment) bot h c ontribute t o the o verall r isk; 
however, t he contribution [ to t he t otal r isk] f rom t hese di fferent s ources va ries a nd is 
reach d ependent.  F or t he ear lier (upstream) reaches of  t he S udbury R iver such a s t he 
Reservoirs, the modeling s uggests t hat atmospheric d eposition is  a  la rge source of 
mercury e xposure r isk.  F urther dow nstream, such a s t he G reat M eadows N ational 
Wildlife Refuge (GMNWR), a larger fraction of the risk may be attributable to historic 
deposits of  mercury associated with the former Nyanza facility.  Exposure r isks within 
the GMNWR are further complicated by the biogeochemical and hydrological properties 
of this 3,600-acre flood-plains and wetlands region. 
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1. Introduction 

1.1. Site Description 
 
The Sudbury River in eastern Massachusetts, USA, was contaminated with mercury (Hg) released 
from the Nyanza Chemical Waste Site (Nyanza site). The 14-acre Nyanza site was occupied by a 
series of  c ompanies, w hich m anufactured va rious pr oducts, pr imarily t extile d yes a nd d ye 
intermediates, a nd ope rated f rom 1917 t o 1978. During t he pe riod of  op eration, t he c ompanies 
disposed wastes, which were transported via overland flow into adjacent wetlands and reached the 
Sudbury R iver 300 m eters ( m) nor th of  t he N yanza s ite. An e stimated a mount of 2,300 kg  of  
mercury were us ed p er year f rom 1940 t o 1 970 ( JBF S cientific C orp., 1972, as c ited i n 
Supplemental Baseline Ecological Risk Assessment (SBERA); USEPA, 2007) and approximately 
50,000 kg of  mercury were released to the Sudbury River over th is time (JBF Scientific Corp., 
1973 a s c ited i n S BERA, 2007) .  D uring t his t ime, hi gh l evels of  m ercury w ere t ransported 
downstream and distributed throughout the Sudbury River system.  The highest levels of sediment 
mercury co ncentration a re located n earest t o t he s ite an d generally decrease i n co ncentration 
along the length of the river (Wiener and Shields, 2000). 
 
The S udbury R iver i s a h ydrologically co mplex an d v arying s ystem t hat em bodies s everal 
characteristics known to contribute to elevated concentrations of methyl mercury (MeHg).  T he 
Sudbury R iver f lows approximately 60 km  s tarting a t t he r iver’s h eadwaters t hat d rain C edar 
Swamp Pond and extends to the confluence of the Sudbury River and the Assabet Rivers to form 
the C oncord R iver.  T he S udbury R iver f lows t hrough r olling, hi lly t errain c onsisting of  a 
suburban residential watershed of  165 s quare miles, passing through a  series of  impoundments, 
flowing r eaches, w etlands a nd f loodplains. The s eries of  i mpoundments, w etlands, a nd 
floodplains ar e z ones o f i ncreased m ethylation (see Table 1). A  u seful metric f or in terpreting 
methylation potential in an aquatic ecosystem is to use the %MeHg (the percent of total mercury 
present as methyl mercury. %MeHg = 100*[MeHg]/[MeHg + Hg(II) + Hg(0)]).  Based on a series 
of e mpirical s tudies a cross di fferent w ater bod y types a cross t he U .S.A, a  ge neral t rend of  
%MeHg was determined by calculating %MeHg for each water body type and taking the average 
of these values, as presented in Table 1.  
 

Table 1. Percent Methyl Mercury: 
Representative average %MeHg for different types 

of water bodies  
 

Water Body Type Average %MeHg 
River 4% 
Lake 8% 
Wetland 15% 
Flooded Areas 30% 

(Krabbenhoft et al., 1999; Kelly et al., 1995; Kelly 
et al., 1997). 
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This t able r eflects h ow t he S udbury R iver s ystem can  r esult i n a l arge r ange o f M eHg 
concentrations due to the range of water body types throughout the system. 

1.2. Dynamic Hydrology 
 
An a dditional f acet of  t he S udbury R iver i s t he hi ghly d ynamic n ature of i ts h ydrology.  T he 
Sudbury River follows a general pattern of high flow during the Spring and very low flow in the 
Summer.  For example, the Saxonville gage reported a yearly high flow rate of 36 m3/s on April 
18, 2007, a nd a yearly low of  0.1 m3/s from September 5 t o 9, 2007.  This wide range of  f low 
rates affects the different parts of the system in different ways. To better understand the potential 
for varying MeHg concentrations throughout the river, the physical characteristics of the system 
along the length of the Sudbury River need to be understood. To understand the differences in the 
river’s hydrology, the terms “flow velocity” and “volumetric flow rates” are used.  Flow velocity 
refers to the actual speed with which the water is moving, in terms of length per time (e.g. m/s).  
Volumetric f low rate refers to  th e a ctual v olume o f w ater that is t ransported t hrough a  given 
section, this is  measured in terms of  volume per time (e.g., m3/s). The velocity is related to the 
volumetric flow rate through the interfacial area that the water is moving through, i.e., volumetric 
flow rate equals velocity multiplied by interfacial area. 
 
The general construct of  the Sudbury River system is a  f lowing s tream before the Nyanza s ite, 
which flows into two Reservoirs (Reservoirs 1 and 2).  T he stream flows first into Reservoir 2,  
which consists of  a  series of  lobes, and then into Reservoir 1. T he impoundments at the end of  
each reservoir have resulted in created effective settling basins, i.e., zones of increased settling of 
solids an d as sociated m ercury. R eservoir 1 r eceives i nflow f rom both Reservoir 2 and f rom 
Reservoir 3 (the latter not directly impacted by the Nyanza Site).  After Reservoir 1, the Sudbury 
River flows as a quickly flowing river until it reaches the Saxonville Impoundment, after which 
the r iver f lows q uickly a gain u ntil it r eaches the G reat M eadows N ational W ildlife R efuge 
(GMNWR), w here t he Sudbury River follows a  na rrow c hannel s urrounded b y a n expansive  
floodplain and associated wetlands ((3,600 acres delineated by US Fish & Wildlife Service, Refer 
to Figure 1). 
 
During high f low periods, the depths in the Reservoirs increase only s lightly, as the velocity o f 
the w ater i ncreases w ith t he i ncreasing flow r ates.  Increasing v olumes o f w ater o verflow t he 
impoundments a nd t ravel dow nstream.  T he r iver r eaches be tween t he i mpoundments a nd t he 
GMNWR rise slightly during periods of high flow, but primarily the overall flow rates increase in 
response to high flow periods resulting in only small changes in depth.  Once the river reaches the 
GMNWR, high flows cause the Sudbury River to overflow the banks of the channel and then fills 
the floodplain.  W ith the increased surface area of the floodplain, the velocity of the river slows, 
while th e o verall v olumetric f low r ate r emains constant, r esulting i n c hanges i n de pth i n t he 
GMNWR, but more importantly, dramatically large increases in the surface area of the water with 
the sediments and the atmosphere 
 
During the low flow periods, the velocity of the water in the Reservoirs greatly slows down, so 
that the depth of the Reservoir approximates the height of  the impoundment.  W ater within the 
river r eaches be tween t he i mpoundments a nd t he G MNWR s imilarly slow dow n.  A s f low 
decreases, t he water f illing t he floodplains o f t he G MNWR al ongside t he ch annel r ecede and 
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return to the much smaller cross-sectional area of the channel, where the water flows at a similar 
velocity, with a much volumetric lower flow rate. 
 
Therefore, the flow fields of the Sudbury River vary depending on t he given reach of the river.  
During low f low periods, the waters in the Reservoirs s low greatly and the reservoirs act more 
like la kes o r la rge s ettling b asins, w ith o nly th e w ater n ear th e s urface o verflowing in to th e 
downstream r eaches.  D uring t he hi gh f low periods, w ater rushes o ver t he da ms a nd t he 
Reservoirs act more l ike r ivers.  T he regions between the impoundments act l ike r ivers al l year 
long, with a more gently flowing period during low flow and more rushing river during the high 
flow.  A t all times, the GMNWR acts like a gently flowing river, simply increasing in the area, 
where the water is flowing to create higher flow rates with similar velocities. The water body type 
is clearly of importance as demonstrated by the different percentage of total mercury present as 
methyl mercury as outlined in Table 1. 

1.3. Methylation Potential in Different Parts of the Sudbury River 
 
As pr eviously di scussed i n S ection 1. 1, w etlands a nd a reas pr one t o flooding a re areas of 
increased M eHg pr oduction ( refer t o Table 1).  Other ( secondary) ar eas f or i ncreased M eHg 
production include lakes and areas o f s tanding water or  s low moving waters.  Collectively, the 
areas o f the S udbury R iver w ith pot ential for increased M eHg pr oduction a re: Reservoir 2 , 
Reservoir 1, and the GMNWR.  Therefore higher %MeHg is expected in these areas, with lower 
%MeHg in the river sections between these zones.  The faster flowing reaches (Reach 5, 6, and 7) 
between t he R eservoirs and t he G MNWR l ikely a ct a s c onduits f or t ransporting any incoming 
mercury (regardless if  it  is  f rom a tmospheric sources o r h istorical m ercury t hat m ay have been 
resuspended) downstream t o t he G MNWR which i s a area for i ncreased m ethylation ( and 
correspondingly higher %MeHg).  For the period of time when there is low flow in the Reservoirs 
and i n t he G MNWR, t his could result i n di spersion of dissolved Hg(II) a nd M eHg f rom t he 
contaminated s ediments, w hich w ould t hen b e available t o t ravel dow nstream a s flow rates 
increase.  The low flow period would also permit reduction of Hg(II) to Hg(0) and the subsequent 
evasion to the atmosphere, a loss process within the system.  Depending on the residence time and 
the travel time along the river, there could be significant losses of Hg(II) or even demethylation of 
MeHg to H g(II).  S edimentation and subsequent burial i s an overall long-term loss process for 
mercury i n t he S udbury River.  H owever, the h istoric c ontamination in  th e s ediments ma y 
periodically act as a secondary source to the water column in the near-term, while in  the long-
term t he s ediments w ill act  as  a n et sink.  T he di fferent ph ysical, c hemical, a nd bi ological 
processes governing c ycling i n t he di fferent s ections of  t he S udbury R iver m ay result i n t he 
sediments having different impacts on their overlying water column, and thus different associated 
mercury exposure risks. 
 

1.4. Hypotheses 
 
Given the understanding of the physical, chemical, biological and transport characteristics of the 
Sudbury River, the following are hypothesized: 
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1. Despite r ecent r emediation in  the v icinity o f th e N yanza S ite ( OU3 –wetlands 
remediation), t he years of m ercury l oading h ave i mpacted t he d ownstream r eaches 
(USEPA, 2008) .  O f p articular in terest a re th e elevated concentrations of t otal a nd 
methyl m ercury i n t he s ediments of  R eservoir 2, R eservoir 1, a nd within the 
GMNWR. 

 
2. During t he low f low pe riods, t he or ganic r ich, de positional a reas be come s ites of  

increased m ethylation, a nd M eHg a nd Hg(II) di sperse f rom t he s ediments i nto t he 
above s urface w ater ( Reservoir 2 , R eservoir 1 , an d G MNWR). T here ar e a f ew 
important competing factors.  The first is  th at th e lo w f low p eriod r esults in  a n 
effective i ncreased h ydraulic r esidence t ime t hat permits t ransformation o f H g(II) t o 
MeHg in the sediments and allows t ime for MeHg to diffuse into the water column.  
When water is flowing quickly, the impact of diffusion on ove rlying water column is 
diminished a s i ncoming water f lows qui ckly pushing t he di ffusing m ercury 
downstream, s o t hat t he c oncentrations remain lo w. W hen t he f low s lows or  s tops, 
then the water has no incoming “clean” water and the mercury concentrations increase 
over time. 

 
3. As Me Hg m ay b e periodically released from th e s ediment in to t he a bove f lowing 

waters, it ma y p otentially t ravel downstream, an d accu mulates as  t he s ystem f lows. 
When t he s ystem i s flowing s lowly, mercury i s di spersing f rom t he unde rlying 
sediment segment to the overlying water column segment, which is in addition to the 
incoming f low of  upstream mercury.  T herefore, each segment has the concentration 
of the upstream segment plus the dispersive flux. The diffusive flux is not associated 
with a  i ncoming water f low, so i t i s an addition of  concentrations, not  an averaging 
(like one  w ould s ee of  two r ivers f lowing t ogether).  T herefore, i t i s feasible that 
concentrations of Hg and MeHg may increase along the river length.   

 
4. There would be  a  d ecoupling of  m ercury c oncentrations be tween t he unde rlying 

sediments and the above surface water, since the mercury concentrations in the water 
would reflect ups tream l oading as well a s t he additional source f rom the underlying 
sediments. Therefore a segment’s sediment mercury concentration may not accurately 
reflect the segment’s water mercury concentrations nor fish tissue concentrations. This 
corresponds to recent research demonstrating that there is not a significant relationship 
between MeHg concentration in sediments and the overlying water column MeHg  in 
river and stream systems (Marvin-DiPasquale et al., 2009) 

 
5. The regions where the sediments are cobbles, pebbles and sand may not accumulate 

mercury in  th e s ediments, and t hey generally not  z ones of  pot ential increased 
methylation.  Therefore, it is reasonable that the river reaches between impoundments 
and the GMNWR will not be high in mercury, except during the flow periods when 
mercury is simply being carried downstream.   

 
6. The surface w ater i n t he GMNWR does not  have hi gh ve locities, which i s d ifferent 

than t he main r iver a nd t he r eservoirs. D uring hi gh f low, t he s urface a rea of t he 
GMNWR that the flow is passing through increases as the water fills the flood plain.  
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At almost all times, then, the flow in the GMNWR is slow, providing a high residence 
time for methylation of Hg(II) and diffusion up from the sediment layers as well as an 
increasing cr oss-sectional a rea f or w ater c olumn in teraction w ith th e s ediments.  A t 
periods of  high water, the GMNWR is a  f looded wetland with a corresponding high 
potential for mercury methylation. 

2. Model Selection 
 
A dynamic, spatially resolved water quality model incorporating water and sediment layers was 
constructed us ing t he W ASP7 ( v. 7.3)  modeling f ramework w ith t he m ercury ki netics m odule. 
The W ater Quality Analysis S imulation P rogram ( WASP) h as b een used f or a v ariety o f 
regulatory ( Lung a nd N ice, 2007;  Z ou e t a l., 2006)  a nd r esearch ( Vuksanovic e t a l, 1996;  
Lindenschmidt, 2006)  a pplications o ver t he p ast s everal d ecades.   A n en hancement o f t he 
original W ASP ( Ambrose, 1987;  A mbrose, 198 8), W ASP7 pr ovides a  dynamic, m ass ba lance 
framework f or m odeling t he f ate and t ransport of a  va riety of contaminants i n s urface w ater 
systems.  T he W ASP7 mercury m odule s imulates t hree m ercury s pecies, H g(0), H g(II), a nd 
MeHg, as well as three solids types (silt, sand, and biotic solids) (Ambrose and Wool, 2001).   
 
WASP7 w as ch osen t o represent t his s ystem b ecause o f i ts f lexible s tructure t o h andle s patial 
variability and temporal variability.  W ASP7 can be constructed in such a way as to handle the 
reservoirs, t he S axonville Impoundment, t he fast f lowing r iver r eaches, a nd t he f loodplains.  
SERAFM (Knightes, 2008) is another USEPA mercury module, but it was designed specifically 
for lakes or ponds. Additionally, SERAFM is a steady-state model, which would not adequately 
address t he highly d ynamic h ydrology o f t he s ystem. The Mercury C ycling Models (MCM, R-
MCM, a nd D -MCM) ar e al so l ake m odels, an d ar e n ot currently constructed t o ha ndle r iver 
systems (EPRI, 2003; EPRI, 2006; Hudson et al., 1994; Tetra Tech, 1996; Tetra Tech, 1999). 

3. Model Setup 
 
The WASP7 model for the Sudbury River was set up by dividing the Sudbury River model region 
into 33 segments as shown in Figure 1.  The map of the Sudbury River that was used to divide up 
the s egments cam e from t he N HDPlus (National H ydrology Dataset av ailable at : 
http://www.horizon-systems.com/nhdplus/).  E ach s egment r epresents a  section of  t he S udbury 
River, with a surface water component and an underlying sediment component.  For most of the 
River (all regions downstream of  Reservoir 1) , there are two sediment layers, a  surface benthic 
layer and a thicker deep subsurface benthic layer (Figure 2).  F or the Reservoirs, two additional 
sediment layers are added below the two top sediment layers, resulting in a total of four sediment 
layers under all surface water segments upstream of the Reservoir 1 impoundment (Figure 3).  For 
the final segment of Reservoir 2 (segment 5), there is an additional surface water segment below 
the last 300m of Reservoir 2 (Figure 4).  Under the first part of segment 5, there are 4 sediment 
layers, and under the last 300m of Reservoir 2, l ies segment 100, t o represent the deeper waters 
comprising a  mo re d efined s ettling b asin.  A ll s urface w ater s egments and s ediment s egments 
combined result in a total of 118 W ASP segments as presented in Tables A-1 and A-2 (included 
in the appendix).  
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Table A-1 p resents t he s egment numbers and s egment names as de fined in W ASP7, with their 
volumes, lengths, widths and depths. The lengths and widths of each segment are constant for all 
sediment segments. The depth of the subsurface water segment, the deep section of the reservoir 
is he ld c onstant a t 3 m of de pth.  D epths of  s urface w ater s egments v ary w ith f low r ates a s 
described by the kinematic wave equations (see below). The associated reaches as defined by the 
Region I SBERA are presented alongside the surface water segment numbers. Table A-2 presents 
the segment type for each segment number.  T he segment types include surface and subsurface 
water co lumn (for ri ver/water s egments), and surface benthic sediments and subsurface benthic 
sediments.  A dditionally, T able A -2 i ncludes ho w t he s egments a re s tacked, b y i ncluding t he 
bottom segment, which points to what segment lies beneath a given segment number. Table A-2 
also in cludes th e s egment s lope, bot tom r oughness a nd m inimum de pth. S egment s lope w as 
determined f rom t he N HDPlus da taset.  Bottom r oughness w as d etermined us ing M anning’s 
roughness coefficients for different surface materials (Schwab, 2005). The reservoir used n=0.03, 
for a natural stream, n = 0.035 for cobbley channel for the segments between the reservoir and the 
floodplain, and n =  0.05  for a  f loodplain with l ight brush.  T he segments upstream of the great 
meadows have increasing roughness as n = 0.04, 0.04, and 0.045. 

4. Model Processes 

4.1. Simple Hydrology Routing: Kinematic Wave, Impoundments 
Implementation, and Hydraulic Geometry  

 
Since WASP6, W ASP7 routes w ater t hrough t he d esignated s ystem u sing m ass b alance an d 
momentum ba lance e quations f or w ater, w ith s implification dow n t o t he kinematic w ave 
formulation (Chapra, 1997). This approach can only be used in linear routing systems, such as the 
river system of the Sudbury River, and allows for pulses of water being routed through the system 
so that increases in flow from a tributary needs time to travel through the river. With the dynamic 
nature o f the f low in the Sudbury River s ystem, the k inematic wave i s necessary to adequately 
reflect the surface water hydrology.  The kinematic wave incorporates the river slope and bottom 
roughness (Manning’s coefficient) of  a  given segment to calculate the amount of  water f lowing 
out of one segment into the next.  The kinematic wave equations calculate the velocity and depth 
of each segment based on the continuity equations. 
 
A recent advance in WASP7 incorporates impoundments to permit flow over dams.  A slope of 0 
flags the segment as a d am and flow is modeled using the weir equations for a d am rather than 
kinematic wave for a  continuous s tream or  r iver.  The minimum depth for t he s egment i s t hen 
used as the height of the dam, for which water will flow when this minimum height is exceeded, 
but water will not  flow below this height. After depth calculation, a  check versus the minimum 
depth ( Table A -2), m akes s ure t hat t hat t he m inimum de pth of  t he s egment is  ma intained.  
Minimum depth i s r equired for most s egments ( typically 0.01m) to ensure t hat volume doesn’t 
approach z ero ( which can cau se n umerical i nstabilities i n co ncentration cal culations).  For t he 
network of  r iver s egments ups tream of  t he i mpoundments, l arger m inimum de pths a re us ed t o 
maintain reasonable upstream depths without imposing weir equations in the upstream reservoir 
reaches. 
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The h ydraulic geometry of a  W ASP7 segment controls t he width [L], de pth [ L]and ve locity of  
flow [ L/T] o f e ach s egment a s a  function of  t he vol umetric f low r ate [ L3/T].  T he e quations 
governing these relationships are as follows: 

EQN 1

EQN 2

EQN 3

By changing the coefficients describing these relationships, different river reaches and segments 
can be modeled. In previous WASP releases, the width was maintained as a constant (bexp = 0), so 
the more water in a given segment resulted in an increase in depth and velocity, but the width did 
not change. In effect, this resulted in a box or rectangular cross-section of the segment.  The main 
channel of  t he S udbury River w as m odeled w ith t he s hape of  an e astern s tream, s uch t hat t he 
segment is parabolic.  T he width increases as the depth increases, increasing sharply at first and 
then i ncreasing s lower with i ncreasing de pths.  T his i s e xecuted b y s etting, bexp = 0.25,  dexp =
0.45, and vexp = 0.3.  The floodplain was set up to capture a channel middle section with a slow 
slope above the channel.  T he depth function was defined so that the segment is 1m deep when 
the system is 20m wide and 2.25m deep when the segment is 200m wide. 

4.2. Solids, Dynamic Settling and Resuspension

Solids in the system are modeled using 3 general solids types and a fourth WASP7-internal solid 
type. The three general solids include sands, silts/fines, biotic solids (particulate organic matter), 
and the internal solid type, cobbles. The solids are described generically in WASP7 so that they 
can b e m odeled s pecifically v ia s ite-specific p arameterization. The t hree general solids t ypes 
(sand, silts/fines, biotic solids) are modeled as state variables that have flow paths (resuspension, 
advective flow, s ettling, bur ial, a nd r eaction ( biotic s olids g row a nd decay). T he internal s olid 
type, cobbles, cannot resuspend or settle, but is rather a solid that can only be buried. Cobbles are
in t he WASP modeling f ramework as a n ew f eature o f t he upcoming version ( WASP8) o f 
WASP7, a nd ha ve been added t o W ASP7 s pecifically because w e i dentified t heir n ecessary 
inclusion in WASP during the Sudbury River project and modeling effort. Cobbles bury as other 
solid types settle and accumulate within a sediment segment, and cobbles may move into upper 
layers a s erosion oc curs, but  c obbles will ne ver r esuspend t o be  t ransported dow nstream.
Suspended s olids ( sands, s ilts, a nd bi otic s olids) a ll m ove a long w ith t he w ater pha se i n t he 
surface water segments. They settle according to their modeled settling velocity, resuspend from 
the bottom sediment layer, and mix between surface water layers according to bulk mixing rates. 
The processes controlling solids are presented graphically in Figure 5. 

Due t o t he d ynamic na ture of  t he f low f ield i n t he S udbury R iver, a  ne w f eature h as b een 
implemented into the WASP7  for this study, and will be available to the public in the upcoming 
release of WASP8  that calculates settling and resuspension as a function of flow velocity, shear 
stress, an d p article s ize.  A s v elocity i ncreases the s hear s tress al ong t he u nderlying s ediment 
increases, thereby increasing the suspension velocity. Conversely, as  velocity increases, settling 
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velocity decreases. The formulation in WASP7 describing settling and resuspension as a function 
of the cohesiveness of the sediment bed, the shear stress, the critical shear stress of the sediments 
has been described in Lick (2008).  A base minimum resuspension rate is given for each solids 
type. W ith t he hi ghly d ynamic na ture of  t he S udbury R iver f low, i t be came e vident th at an 
immoveable solid was necessary t o m ore ac curately r epresent t he s ystem. Additionally, s everal 
river segments were observed in the field to be dominated by pebbles and cobbles, and not silts, 
sands, or clays.   

4.3. Partitioning 
 
Mercury sorbs to solid particles and complexes with dissolved organic carbon.  T hese processes 
are mo deled b y a ssuming in stantaneous p artitioning a nd complexation.  E lemental me rcury is  
assumed to not  partition or  complex. Divalent and methyl mercury each sorb to sand, s ilts, and 
biotic s olids a nd c omplex w ith di ssolved or ganic c arbon (DOC). M ercury is m odeled a s not  
sorbing t o cobbles. A ll of  t hese p rocesses compete w ith e ach ot her a nd a re m odeled 
simultaneously and instantaneously in each segment for Hg(II) and MeHg for each time step (see 
Figure 6). 

4.4. Mercury Transformation Processes 
 
Mercury concentrations a re s imulated i n t he w ater c olumn a nd i n s ediments f or t hree m ercury 
species ( elemental m ercury, H g(0), di valent i norganic mercury, H g(II), an d m ethylmercury 
(methylated d ivalent m ercury) M eHg).  T ransformation p rocesses am ong s pecies ar e generally 
represented by first-order and pseudo-first order rate constants.  The modeled mercury processes 
are presented in Figure 7 and include: 
 

• methylation of Hg(II) to MeHg in water and sediments,  
• demethylation of MeHg to Hg(II) in water and sediments,  
• photo-reduction of Hg(II) to Hg(0) in water,  
• photo-oxidation  of Hg(0) to Hg(II) in water,  
• volatilization of Hg(0) from the water into the air, and  
• photo-degradation of MeHg to Hg(0) in water.   

4.5. Mercury Transport Processes 
 
Mercury i s t ransported through t he ph ysical p rocesses o f a dvection a s w ater f lows f rom one  
segment to the next, dispersion between horizontal layers, volatilization of Hg(0) from the water 
column t o t he a ir, vi a s ettling of  m ercury s orbed t o s olid pa rticles, r esuspension of  m ercury 
sorbed to solid particles, and burial and erosion of particles from sediment layers.  Ultimate loss 
processes of total mercury from the Sudbury River system include volatilization losses and burial 
from t he l owest s ediment l ayer.  A dditionally, m ass a dvected out  of  t he l ast S udbury R iver 
segment is a net loss of total mercury from the system.   

5. Model Application 
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The Sudbury River model was constructed using WASP7 proceeding s tep-by-step through each 
of the underlying parts of the overall model.  Modeling a complex river network system, like the 
Sudbury River, requires many decisions on how  best to set up and apply a mathematical model, 
each with di fferent sources of  unc ertainty and error within t he ov erall model construction.  To 
minimize the complications caused by model development, calibration and verification, this step-
by-step approach was used so that each step could be defined in a clear and transparent way.  The 
first step of constructing the mercury fate and transport model was to delineate the segmentation 
of t he S udbury R iver, as de tailed i n S ection 3 - Model S etup.  N ext, t he f low f ield a nd 
hydrodynamics o f t he s ystem was constructed, a s de tailed be low, i n Section 5.1 - Flow Field /  
Hydrodynamics. The modeled flow field, including volumetric flow rates, velocities, and modeled 
depths of the system were compared to observed values to constrain the hydrodynamics. Next, the 
solids balance was developed as detailed in Section 5.2 - Solids Balance. This part is compared to 
the obs erved s olids c oncentrations i n t he w ater column, t he obs erved b urial r ates f or di fferent 
Sudbury River segments, and the solid type distributions in available sediment segments.   

5.1.  Flow Field/Hydrodynamics 
 
The hydrology of the Sudbury River is highly dynamic with periods of high flow and periods of 
low flow. To adequately account for this, USGS discharge gage data for points along the Sudbury 
River were used to determine incoming flows from feeding tributaries in the model system. Gage 
data were collected by USGS from October 1, 2006 through September 30, 2008.  Gage locations 
included t he A shland G age, S axonville G age, a nd t he C oncord G age.  Locations w ithin t he 
Reservoir Reaches and the Wetland (GMNWR) Reach were estimated using watershed drainage 
area for e ach l ocation.  M easurements o f v olumetric f low r ates w ere t aken at  R oute 1 35, 
Reservoir 2  O utflow, R eservoir 1 O utflow, R oute 20 and Route 117.   T hese va lues f or f low 
(provided as cubic feet per second) were implemented in the model to establish the upstream flow 
boundary ( into s egment 1), a dditional f low i nto Reservoir 2 ( Segment 2) , a dditional f low i nto 
Reservoir 1 f rom R eservoir 2 ( Segment 5) , i ncoming f rom t he S udbury R eservoir, R eservoir 3 
(Segment 6) , flow into Saxonville Dam (Reach 13), and a t Route 20 ( Reach 24) . Additionally, 
flow into the wetland reach was divided amongst each of the reaches to account for the tributaries 
feeding i nto t he w etlands r each.  T he t otal flow f or t he w etlands r each was di vided b y 11 t o 
distribute t he f low based on w atershed dr ainage a rea, 1/ 11 w as di rected i nto t he first s even 
segments, Segments 25 – 31, totaling 7/11 of the overall flow and 4/11 was added to segment 32 
(these f ractions o f f low ar e r elated t o t he d rainage a rea o f e ach s egment) t o acco unt f or al l 1 1 
parts of the flow.  The flow field was looped every two years to provide a 30 year flow-field for 
the entire system.  The data used for determining the flow field are provided in the appendix.  The 
actual flow inputs for a two year flow period are similarly provided in the appendix.  
 
The flow rates at the specified gages were compared to the observed flow rates and were found to 
match closely.  The depths of the reservoirs and the great meadows flood plains and the velocities 
were also ev aluated.  T he w ater v elocities an d d epths o f t he g reat m eadows w ere f ound t o 
fluctuate m ore t han obs erved, s o t he bot tom r oughness pa rameters w ere a djusted within th e 
ranges a cceptable f or f loodplains unt il the ve locities a nd de pths a pproached obs erved v alues, 
depths were roughly 1m at low flow and roughly 2m at high flow with little variation in observed 
velocity.   
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5.2. Solids Balance 
 
Once the hydrology of the system was set up, the solids in the system were incorporated into the 
model next.  The total organic carbon (TOC) and percent solids were used as the starting point for 
the s olids t hroughout t he s ystem.  T OC a nd p ercent s olids va lues were available for all o f th e 
reaches, but not specifically for each segment within each reach (see Table 2-8, SBERA (USEPA, 
2008)). T he p ercent s olids w as us ed t o di rectly c alculate t he s tarting t otal a biotic s olids 
concentration an d t he T OC co ncentration w as u sed t o cal culate t he p articulate o rganic m atter 
(POM) starting concentration by dividing TOC by 0.3. From the sediment grain size distribution 
of R eservoir 2, a  s tarting f raction of  a biotic s olids a s s ilts a nd s ands w as e stablished. R ough 
estimates of percent silts and sands were estimated as starting concentrations based on obs erved 
descriptions of sediment types, because no further information was available.   
 
From the 2007 to 2008 sampling events, total suspended solids (TSS), TOC, and DOC were used 
to de termine obs erved a biotic a nd bi otic s olids concentrations. B iotic s olids c oncentration w as 
determined as TOC minus DOC.  Abiotic solids were determined as TSS minus biotic solids.  All 
abiotic solids were modeled to be silts, assuming that any sands would settle out rather quickly in 
the system.  U sing the observed concentrations, the boundary concentrations for incoming flows 
were determined.  Boundary concentrations of silts were modeled to be 120% of the observed to 
account f or s ettling w ithin th e s ystem.  B ecause b iotic s olids a re created w ithin s tream, th e 
boundary concentrations of  biotic solids were modeled exactly as observed. Using the modeled 
initial conditions, the model was run for 100 years to let the model approach steady state solids 
concentrations w ithin t he s ediment l ayers.  Looking a t t he r esulting curves f or t he s ediment 
layers, these results suggested that a s teady-state concentration in the surface layer segments was 
reached. 

5.3. Mercury Cycling 
 
Once the hydrodynamics and solids balance WASP7 model was established for the Sudbury River 
system, WASP7 was then used to incorporate the incoming mercury concentrations with the 
inflows and the current conditions of mercury concentrations observed in the sediment layers. 
One of the challenges in modeling mercury at contaminated sediment sites is the difficulty with 
capturing the incoming concentrations from atmospheric deposition leading to watershed runoff 
and tributary inflow.  In riverine systems, atmospheric mercury deposited directly to the surface 
water itself (via dry deposition or wet deposition through rainfall) has been demonstrated to be 
negligible. For the Sudbury River system all incoming mercury concentrations separate from the 
historical (Nyanza associated) accumulation in the sediments is accounted for via inflowing 
boundary concentration conditions. These inflowing boundary concentrations capture all mercury 
coming in to the system via tributaries and at the upstream boundaries (particularly the start of the 
modeling system at the head of Reservoir 2 (Reach 2 into Reach 3), inflow coming into Reservoir 
1 from Reservoir 3 (Foss Reservoir), since Reservoir 3 and upstream of it are not being directly 
modeled).  These inflowing boundaries account for all mercury coming off the watershed from 
atmospheric sources and is typically described as background mercury levels.  A series of 
different models were developed to evaluate different approaches for handling mercury in the 
Sudbury River network. Unfortunately, mercury science and understanding is not currently at a 
point where mercury fate, transformation, and transport can be predicted a priori, some level of 
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calibration is typically required. However, as with many numerical mathematical representations, 
there can be different representations that provide similar responses.  Therefore, the best way to 
approach these different mechanistic representations is to evaluate a range of different modeling 
approaches.  Then, by comparing the different mechanistic approaches and parameterizations, we 
can compare the model results with the observations to investigate how the model is responding 
in comparison to the observed concentrations.  Then some mechanistic inference can be made 
with respect to how the system is responding, certain representations can be thrown out, 
constraining the possible bounds of future predictions of the system.   

6. Parameterization 

6.1. Partitioning of mercury amongst the different phases 
 
Partitioning is an important environmental process for mercury because of the highly hydrophobic 
nature of  Hg(II) and MeHg, and thus the high partition and complexation coefficients. The two 
species, Hg(II) and MeHg, partition between the different phases modeled in the system. These 
are r epresented b y t he f raction, f, of  e ach, r epresented a s c onstituent i, fo r e ach given p hase, 
where t he ph ases a re: freely di ssolved i n t he a queous pha se, aq; c omplexed w ith di ssolved 
organic carbon, DOC; organic matter, org; and sorbed to sand, sand, and fines (silts and clays), 
silts.  The partitioning of Partition coefficients are used to represent the ratio of constituent i The 
partition coefficients were assumed to be constant for the entire system, whether in the sediments 
or i n t he water column.  For each observations s ite, t he mean TSS, DOC, TOC, unf iltered and 
filtered MeHg and HgT concentrations were used to predict the fraction dissolved (freely dissolve 
plus DOC complexed).  
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Using the f raction di ssolved observed, t he fraction di ssolved was pr edicted giving the pa rtition 
coefficients. For e ach s ample l ocation, t he goal seek f eature w as us ed t o f ind a n a biotic s olids 
partition coefficient so that modeled equaled predicted.  The mean of the Ksilts from all sites was 
used in the WASP model.  For l ack of more precise s ite-specific data, default values for KDOC, 
Ksand, Korg were used (see Table 2).  
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Table 2. Default Partitioning Coefficients  
Partition Coefficients for Hg(0), Hg(II) and MeHg to silts, sands, and particulate organic matter 

and complexation with dissolved organic carbon (DOC). 
 

Parameter sorbent Hg(0) Hg(II) MeHg 
Model Literature Model Literature 

Ksilts Silts and Clays 0 1.3x106 
2.0x105 

(1.6x104-
7.9x106) 

2.3 x105 
2.5x105 

(2.0x105-
4.0x105) 

Ksand Sands 0 1 x103  1 x102  
Korg Particulate Organic Matter 0 4 x105  5 x105  

KDOC Dissolved Organic Carbon 
(DOC) 0 2 x105 

2.5x105 
(2.0x105-
4.0x105) 

1 x105 
1.0x105 

(6.3x102-
3.2x105) 

Allison and Allison (2000), listed as mean (minimum – maximum). 
 

6.2. Settling, Resuspension and Burial 
 
A hydrodynamic and sediment transport study of the Sudbury River reported a critical shear stress 
(where erosion began) at 0.2 P a, yet earlier in the study a critical shear stress was determined to 
be 0.4 Pa.  A t 0.4  Pa erosion w as 0.002 kg /m2/min a nd a t 0.6 Pa the rate i ncreased t o 0.01  
kg/m2/min (US ACoE, 2001). Using this report as the starting point for the simulation, a range of 
values ba sed a round t hese num bers w ere us ed t o e valuate s olids t ransport i n t he s ystem a nd 
compared to the observed % solids in the different segments along the Sudbury River.  The value 
of 0.4 N/m2 may be a little low for this system, believing that some level of compaction at the site 
may result in a larger critical shear stress than the study presented, so a value of 0.6 Pa was used 
(personal communication E arl Hayter, 2009) .  Some pa rameter exploration s howed t hat us ing 
critical s hear s tresses of  0.2 or  0.4 P a r esulted in l arge e rosion e vents t hat di d not  r eflect t he 
observed solids di stributions present in the SBERA. Because there i s no f urther information on  
the site, and WASP is currently limited to having one constant for each solid type in the system, 
the same parameters are used throughout the Sudbury River, assuming that the s ilts, sands, and 
POM all act similarly throughout the system. The model uses 0.2 as the critical cohesive sediment 
fraction, and a shear stress multiplier for cohesive resuspension of 2.5. 
 
Grain size distribution data for Reservoir 2 di vided particulates into sands (>0.075mm) and silts 
and clays (<0.075mm).  Sands were divided into gravel (>4.75mm), coarse sand (2.0 - 4.75 mm), 
medium to fine sand (0.106-2.0 mm), and very fine sand (0.075 – 0.106 mm). Based on observed 
distributions of sand in Reservoir 2, m ean sand size was set to 0.400 mm.  N o information was 
available on t he silt and clay distributions, only the total percent <0.075 mm.  P article diameter 
for silt was set to 0.025mm and particle diameter for particulate organic matter (POM) was set to 
0.025 mm.  Default values for lower and upper critical shear stresses for sand and POM were used 
since there was no other available information; these values are 0.1 Pa and 0.2 Pa for sand and 0.0 
Pa and 0.05 Pa for POM, respectively. 
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WASP sediments are stacked in a column to allow for accumulation and erosion of solid particles 
in the sediment layers.  The model is constructed so that the top layer is allowed to gain or lose 
thickness and every 10 days the sediment thickness is compared to the starting thickness. If the 
thickness has i ncreased (settling) t hen solids a re pushed into t he segment be low (burial), i f t he 
thickness had decreased (erosion), then the segment below is pul led up i nto the upper segment.  
This can result in the deepest layer getting smaller over time if there is continual erosion.  If there 
is continual burial, then the lowest layer will stay the same size and the buried solids are removed 
from the system completely.  M ercury mass moves with the sediments, so deeper sediments can 
receive or lose mercury depending on the overall flux.  The burial rate is calculated as the velocity 
of the segment (cm/yr) that is pushed downward. 
 
The observed burial rates for Reservoir 2, Reservoir 1 and the floodplains are approximately 0.04 
cm/yr, 0.07 cm/yr and 0.02 cm/yr (Frazier et al., 2000).  The model predicted rates of 0.03 cm/yr 
in Reservoir 2, 0.04 cm/yr in Reservoir 1, and -0.03 cm/yr in the GMNWR. The measured settling 
rate i n t he G MNWR w as f or t he f loodplains, w hile t he m odeled e rosion i s a ccounting f or t he 
channel and the floodplain, which is modeled as a single, homogeneous segment. 

6.3. Mercury Transformation Rate Constants 
 
The m ercury t ransformation pr ocesses w ere di scussed br iefly i n S ection 4.4 M ercury 
transformation processes and represented in Figure 7. The modeling structure of WASP permits 
different rate constants for different transformation processes for each segment. Beer-Lambert law 
is applied t o photo-lytic processes t o a ccount for l ight attenuation with depth. Methylation and 
demethylation are modeled as  b iotic p rocesses, and thus have temperature correction factors, θ, 
where ( )20

,
−•= T

basemethmeth kk θ with T in degrees Celsius. Rate constants are presented in Table 3. 
  
Table 3. Mercury transformation processes, with overall reaction, with base rate constants for all 

media. 
Transformation Process 

(rate) 
Reaction Water 

Column 
Water: Deep 

Reservoir 
Reservoir 
Sediments 

Main River 
Sediments 

GMNWR 
Sediments 

Methylation (d-1)a,b Hg(II)  
MeHg  0a 0.0a 0.02b 0.02b 0.02b 

Demethylation (d-1)b,c MeHg  
Hg(II) 0.04c 0.04c 0.5b 0.7b 0.25b 

Methylation/ 
Demethylation (%MeHg)  0 25% 4% 3% 8% 

Dark Oxidationd Hg(0)  
Hg(II) 1.6d 1.6d 0 0 0 

Surface Photo-Oxidation 
(d-1)e 

Hg(0)  
Hg(II) 6e 0 0 0 0 

Surface Photo-Reduction 
(d-1)f 

Hg(II)  
Hg(0) 14f 0 0 0 0 

Surface Photo-
Demethylation (d-1)g 

MeHg  
Hg(0) 0.2g 0 0 0 0 

a Water-column methylation rate constants from Eckley and Hintelmann, Gilmour and Henry, and USEPA. 
b Sediment methylation demethylation rate constants calibrated to the observed fraction MeHg (MeHg = MeHg/HgT 

x 100%) using relationships reported by Matilainen and Verta. Methylation rates in sediments were held constant 
at 0.02 d-1 and demethylation rate was varied to approximate %MeHg as represented by surface water body type 
as listed in Table 1. 
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c Water-column demethylation rate constants from Matilainen and Verta (1995). 
d Dark oxidation rate constant from LaLonde et al (2001).  No dark oxidation occurs in the sediments. 
e Water-column photo-oxidation rate constants from Amyot et al (2000) and LaLonde et al (2001). No photo-

oxidation occurs in the sediment. 
f Water-column reduction rate constants from Mason et al (1995) and O’Driscoll et al. (2003). No photo-reduction 

occurs in the sediment. 
g Photo-demethylation rate constant in water from Sellers et al (1996). No photo-demethylation occurs in the 

sediment. 
 

6.4. Constants 
 
There are additional constants required for the model parameterization, describing different 
processes that are constant throughout the entire system and are presented in Table 4, and include 
parameters for light extinction through the water column, volatilization rates for Hg(0), and 
dispersion between segment layers. 
 

Table 4. Parameter Constants for the Sudbury River model. 
 

Constant Value 
Light Extinction Coefficient 1.05 per ma 
Wavelength of maximum absorption for photo-lytic 
processes 

420 nmb 

Temperature correction factor for biotic processes 2c 

Hg(0) Volatilization Option 4: O’Connor Method d 
Hg(0) Atmospheric Concentration 1.6x10-9 g/m3 d 
Hg(0) Henry’s Law Constant 0.01 atm-m3/moled 
Hg(0) Volatilization Temperature Correction, θ 1.04d 
Macro-Dispersive Exchange for Deep Reservoir 0.00162 cm2/s e 
Pore Water Dispersion between sediment layers 6x10-6 cm2/s f 
Pore Water Dispersion between sediment layer and 
surface water 

5x10-5 cm2/s e,g 

 
a Wetzel, 2001. 
b Wavelength of violet (for UV and Vis) 
c Default value for doubling of process over 10o C 
d Default WASP values 
e Schnoor, 1996. 
f Molecular Dispersion, scm

MW
x 2

3/2

51022 −

  
g Molecular Dispersion adjusted for bioturbation 

6.5. Temperature 
 
Temperature is modeled as a time function, varying from month to month throughout the year.  
The segments vary corresponding to the modeled air temperature.  Ice is not modeled in the 
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system, so temperature never drops below 0 oC.  Deep sediment segments remain at a constant 
temperature of 4o C throughout the year. The temperature time function is presented in Table 5.  
 

Table 5. Mean Monthly Temperatures 
 

Date Temp 
[oC] 

1/1 0 
2/1 0 
3/1 3 
4/1 9 
5/1 15 
6/1 20 
7/1 23 
8/1 22 
9/1 17 
10/1 11 
11/1 6 
12/1 0 

 
 

7. Initial Conditions 
 
Initial conditions f or t he S udbury R iver S ystem a re pr esented i n t he Appendix i n T able A -3. 
Sensitivity to initial conditions in the water column showed that modeling results were relatively 
insensitive to initial conditions within the range of observed concentrations.  Due to the range of 
observed m ercury co ncentrations, a relatively simple ap proach w as u sed t o ad dress i nitial 
concentrations.  Silts were set at 2 mg/L for all water column segments except for the GMNWR, 
where 6  m g/L w as u sed. S and an d p articulate o rganic m atter w ere s et t o 0  m g/L f or al l w ater 
column s egments.  T he initial concentrations of  M eHg w ere based on obs erved s ample 
concentrations f or t he r ecent r ound of  2007 to 2008 s ampling e ffort.  T he m ean MeHg 
concentration f or a ll s ampling poi nts a nd t imes w as 0.1 ng/L, s o t hat w as us ed t hrough t he 
system.  T he c oncentrations of  H g(0) and H g(II) were not  m easured d irectly, s o H g(0) w as 
assumed t o be  n egligible s o t hat H g(II) = H gT – MeHg.  T he av erage H gT f or t he s ample 
locations w as mo re v ariable s patially, so av erage co ncentrations f or each o f t he s ampling 
locations were used.  F or the GMNWR, all segments without sampling locations were set to 7.0 
ng/L HgT, all segments between Reservoir 1 and the GMNWR (segments 8 to 23) were set to 3.0 
ng/L, which was the average HgT for Reservoir 1.  Segment 1 was set to be the same as Segment 
2, and Segment 3 was set to be 4.0 ng/L. 
 
For th e in itial s ediment me rcury c oncentrations, H g(0) w as s et to  0  s o th at H g(II) c ould b e 
determined from H gT – MeHg.  T he 2003 data was u sed f irst for all m ercury s ediment 
concentrations a long t he S udbury R iver f or t he f irst 5  c m s ediment l ayer. There w as s ome 
variability across subsequent data sets, sometimes spanning an order of magnitude difference, and 
for multiple samples across transects of the same segment there was similar variability.  The wide 
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range o f obs erved s ediment c oncentrations i s not s urprising given t he na tural va riability of  
sediments. Therefore, professional judgment was used for determining representative values for 
initial c onditions.  F or s egments where t here w as more r ecently co llected sediment data, 
specifically t ransects and co res, t hese d ata were u sed i n p lace o f t he 2 003 t ransect d ata.  F or 
segments with no information, a constant number was used.  For the main river reach, the 5 – 10 
cm sediment layers were set to 2000 µg Hg(II)/kg and 1 µg MeHg/kg; for the GMNWR the 5 – 
10 c m s ediment l ayers were s et t o 1500 µg H g(II)/kg a nd 3 µg M eHg/kg; an d for t he d eeper 
layers for Reservoirs 1 and 2 where no sediment core data exist, Hg(II) was set to 3000 µg/kg and 
MeHg t o 2 µg/kg based on F razier e t a l ( 2000).  T he l ast s egment w ith n o s pecific d ata w as 
Segment 89,  the 5 – 10 cm layer beneath water column segment 23,  which was set to 4000 u g 
Hg(II)/kg and 2 ug MeHg/kg. 
 
The in itial sediment concentrations for t he s olids required moderate l evel o f in vestigation a nd 
model s imulation. T he solids w ere in itialized u sing th e in formation p rovided in  th e S BERA, 
Table 2-8 (USEPA, 2008), along with some professional judgment given the descriptions of each 
reach (e.g., s ilty, c obbley).  T he pe rcent s olids w as us ed t o de termine t he por osity of  t he 
sediments a long w ith t he obs erved T OC t o c alculate t he t otal de nsity of t he s ediment l ayer, 
assuming that inorganic solids have a density of 2.65 g/ml and organic carbon comprises 30% of 
the total mass of organic solids, which have a density of 1.35 g /ml. From data collected for this 
study (TechLaw, 2009) , t he f raction of sand a nd c lay i s r eported for di fferent s egments of  
Reservoir 2.  T hese were used to divide the total inorganic solids into s ilts and sands.  F or the 
remainder o f t he s ystem, b est professional judgment w as us ed t o de termine pe rcent s ands and 
silts. For Reservoir 1 , the last segment of  Reservoir 2 w as used as a  basis and rounded to 40% 
sands, 60%  s ilts. F or t he S udbury R iver s egments f rom R eservoir 1 t o t he G MNWR, t he 
sediments were set a t 20% sands, 20% s ilts, and 60% cobbles.  F or the GMNWR, the same as 
Reservoir 1 was used (40% sands and 60% silts).  F or the deeper sediments, the 40% sands and 
60% silts ratio was used.  F or the segments underlying Reservoirs 2 a nd 1, t he silt fraction was 
slightly i ncreased and t he s ands f raction s lightly decreased. T he s olids c oncentration w as ru n 
without m ercury pr esent a nd obs erved t o s ee h ow t he s ystem responded.  T he R eservoir and 
GMNWR systems were found to be unstable, so cobbles were added to these systems as well.  To 
do this, 20% of the total solids were added to the top layers of the Reservoirs and the GMNWR, 
so that cobbles were present to some degree in all segments.  The model was then run for a series 
of 4 r uns, each for 30 yrs.  T he f inal solids concentration was then imported as the new initial 
condition.  This was repeated and each segment was observed until each sediment layer reached a 
psuedo-steady state.  The system had burial and resuspension, but the fraction of each component, 
silts, sands, organic matter and cobbles remained constant. This was to ensure that the dynamics 
of mercury cycling and changes over time were not a function of changes in the fractions of each 
solid type in  the sediment layer, and that the sediment layers had effectively reach a  s tationary 
state within the system 
 
The initial conditions used in running the Sudbury River model are fully presented in Table A-3. 
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8. Boundaries 
 
Incoming flow fields are modeled as having an inherent background level of mercury. This is to 
capture the atmospheric deposition and loading to the river from the watershed.   W et deposition 
ranges from 8 – 12 µg/m2/yr and dry deposition ranges from 6 – 14 µg/m2/yr.  A fraction that 
falls onto the watershed is assumed to runoff, approximately 20% (Rudd, 1995).  Given an annual 
precipitation r ate of  100 c m/yr, w ith a n 80%  l oss f rom de position to t ributary out let, we ca n 
convert deposition rate to inflow water concentration of mercury.  Most of the depositing mercury 
is divalent (97 – 99%) and the large proportion of the watershed land-use is suburban and urban, 
suggesting minimal methylation occurring en route, the percent methyl mercury was modeled as 
1% i n w inter, 2%  i n f all a nd s pring, and 4%  i n s ummer. T he t ypical % MeHg i n a  na tionwide 
study s uggests 4%  ( Krabbenhoft e t a  a l., 1999) . T he bounda ry c oncentration c onditions a re 
presented in Table 6. 
 

Table 6. Atmospheric Mercury Boundary Conditions 
 Seasonal variability of boundary concentration conditions for Hg(II) and MeHg. These values 

loop continuously over the course of the model run for each year for 30 years. 
 

Date 

Dry  
Deposition 
[ug/m3/yr] 

Wet  
Deposition 
[ug/m3/yr] 

Total  
Deposition 
[ug/m3/yr] Hg(II) [ng/L] MeHg [ng/L] 

9/23 10 10 20 3.76 0.08 
12/23 6 8 14 2.74 0.028 
3/20 10 10 20 3.76 0.08 
6/20 14 8 22 4.68 0.208 

 
 
For flow coming into Reservoir 1 from Reservoir 3 (Reservoir 3 not being impacted by historical 
Nyanza discharges), the concentrations in the inflow were assumed to be lower than that coming 
directly into the Sudbury River from tributaries. This is to account for the losses that would occur 
in this upstream reservoir.  F or this boundary, a  factor of  0.3 f or Hg(II) and a  factor of  0.2 f or 
MeHg was used to calibrate the inflowing concentration to the concentrations in Segment 6 ( just 
downstream of Reservoir 3 in Reservoir 1). 
 
Solids concentrations in the system are modeled using boundary conditions on inflows along with 
mercury concentrations.  T hese a re he ld constant t hroughout t he year, s ince no c lear pa ttern o f 
seasonality was de monstrated f rom t he m easurements ove r t he c ourse of  t he s tudy.  The 
measurements over the study were averaged and applied to the applicable inflow boundary using 
observations of  T SS, T OC, a nd D OC.  B iotic s olids w ere de termined as T OC-DOC.  Ab iotic 
solids (modeled as silts) were determined as TSS – biotic solids.  B iotic solids were modeled as 
inert s olids w ith no pr oduction or  de cay, s ince c oncentrations w ere s mall a nd t ransport w as 
generally f ast ( this c ould be  upda ted t o m odel bi otic s olids w ith g rowth a nd de cay, but  m ay 
impose a dditional unc ertainty a nd m ay not  b e ne cessary). S olids bounda ry c onditions a re 
presented in Table 7. 
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Table 7. Solids Boundary Conditions  
Actual averages of observed samples are presented in bold, remaining numbers are estimated 

predictions roughly interpolated as being between the measured values. 
 

Segment Description 
TSS 

[mg/L] 
DOC 

[mg/L] 
TOC 

[mg/L] 
biotics 
[mg/L] 

silts 
[mg/L] 

1 Upstream_Res_2 2.88 6.7 7.1 0.40 2.40 
2 Reservoir_2_first_leg 2.28 6.66 7.14 0.49 1.91 
5 Res2end 1.91 5.93 6.24 0.31 1.59 
6 Res1from3 2.20 4.77 4.94 0.17 1.83 
13 SudburyRiverReach13 2.16 5.20 5.40 0.20 1.80 
24 UpofGMNWR 5.4 5.20 5.40 0.20 4.30 
25 GMNWR1 5.16 5.37 5.63 0.26 3.89 
26 GMNWR2 4.67 5.57 5.96 0.39 7.08 
27 GMNWR3 8.50 5.50 6.00 0.50 6.50 
28 GMNWR4 7.80 5.42 5.73 0.32 5.38 
29 GMNWR5 6.46 5.5 5.7 0.20 5.80 
30 GMNWR6 6.96 5.5 5.7 0.20 5.80 
31 GMNWR7 6.96 5.5 5.7 0.20 5.80 
32 GMNWR8 6.96 5.5 5.7 0.20 5.80 
33 GMNWR9 6.96 5.5 5.7 0.20 5.80 
 

9. Modeling Results  
 
A final model for mercury within the Sudbury River system was attained by running a series of 
different scenarios to compare to observed values and to provide mechanistic inference on how  
mercury i s behaving within t he Sudbury R iver. All scenarios use th e same physical la yout and 
construct of  t he m odeling s ystem a nd also us e t he s ame s olids c ycling m odule. T here are no  
differences in the scenarios for the flow fields or solids concentrations, the settling, resuspension, 
advection, and dispersion all act the same for all scenarios.  The differences between the scenarios 
are i n t he m ercury cycling pa rameterization, i ncluding bounda ry concentration c onditions a nd 
initial concentration conditions.  
 
The f irst s cenario f or m odeling w as t itled S cenario 1 , an d n amed t he “ Base C ase”, s o n amed 
because it is the basis for which all the later modeling scenarios are compared.  Scenario 1, “Base 
Case,” as sumes t hat al l m ercury p resent i n t he s ystem b ehaves t he same, w ith t he s ame 
transformation rate constants for Hg(II), MeHg and Hg(0) and partition coefficients for Hg(II) and 
Hg(0). T he i nitial a nd boundary c oncentration c onditions a re bot h established a nd di scussed 
previously in Sections 7 and 8.   
 
The second scenario was titled Scenario 2, and it was separated into two different modeling cases 
(Case 1 and Case 2). The purpose of these two cases within one scenario was to decoupling the 
previous model structure.  Scenario 2, Case 1 is determined solely by modeling the incoming flow 
of mercury from atmospheric (watershed) sources.  I n this case, titled Case 1: “Clean Sediment 
Case,” th e in itial c oncentrations in  a ll me dia ( i.e., w ater a nd s ediments) a re s et to  z ero. T his 
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thereby sets the entire system to be effectively “clean” from mercury until the simulation is turned 
on and runs. The only mercury coming into the system is via the incoming flow concentrations at 
the bounda ries. For t his c ase, t he p arameterization of  t he s ystem ( i.e., mercury t ransformation 
rates an d p artition co efficients) i s d efined as  f or S cenario 1 , B ase C ase.  S cenario 2 , C ase 1 , 
“Clean Sediment Case” therefore represents how the concentrations in the Sudbury River system 
would b e i f t here w ere n ever a N yanza s ite o r i f al l t races o f N yanza co ntamination w ere 
removed.   
 
The next case in this scenario is titled Scenario 2, Case 2: “Contaminated Sediment Case.” Here, 
the initial concentrations of the sediment and water column were set to observed concentrations 
(inclusive o f r esidual N yanza m ercury), t hereby t he s ediments ar e co ntaminated w ith m ercury 
before the model is turned on and run.  A significant difference from the other Scenarios, is that 
the inflowing water concentrations were set to zero. Therefore, cl ean water i s assumed to come 
into the system.  
 
What a lso di stinguishes S cenario 2, C ase 2 f rom Scenario 1 i s t hat t he mercury i n t his s ystem 
behaves differently than the mercury in Scenario 2, Case 1.  Recent research in the mercury field 
as well as in the organic contaminant field have suggested a difference between “new” mercury or 
“old” or  “ legacy” m ercury (Hintelmann, 2002;  Harris e t al., 2007) . The th eory is  th at me rcury 
partitions kinetically, taking appreciable periods of time to reach equilibrium with a solid phase. 
Therefore, mercury that has been in the system for a long enough time may become more strongly 
bound.  A  possible explanation for this is that mercury can penetrate into the interstices of solid 
particles, w here i t i s u navailable f or m ethylation or  ot her p rocesses.  T o a ccount f or t his 
difference for “old” mercury, which in this study is the Nyanza-related mercury, Scenario 2, Case 
2, the “Contaminated Sediment Case,” there are three different parameterizations set up and run.  
To account for the increased partition coefficient the Kd used in Case 1 is multiplied by either 100 
(Case 2A and 2B) or 200 (Case 2C).  These numbers were not chosen arbitrarily, rather based on 
a study done on PAHs and silts/clays found that strongly sorbed PAHs had Kd’s 150 times greater 
than t he s lower s orbed PAHs ( Ghosh e t a l., 2001) .  M etal pa rtition c oefficients c ompiled b y 
Allison and Allison (2000) showed that mercury partition coefficients t o s ediment r anged f rom 
6.300 – 1,000,000 L/kg w ith a  m ean of  80, 000 L/kg, s panning more t han two o rders o f 
magnitude.  Data from another superfund site showed partition coefficients in the sediments to be 
upwards of  12,000,000  L/kg. T o a ccount f or t he m ore s trongly s orbed m ercury be ing l ess 
available for methylation, only a fraction of sorbed mercury could be methylated.  T he fractions 
were Case 2A: 10%, Case 2B: 1%, and Case 2C 0.5%. The decreased availability for methylation 
was H intelmann et a l. ( 2000) s uggested t he de creased a vailability for m ethylation when he  
reported methylation rates for old mercury to be 10 – 100 times lower than new mercury. 

 
A summary of the scenarios is provided in Table 8. 
 

Table 8. Summary of Scenario Breakdown 
 
Scenario Case Kd for 

Hg(II) to 
silt 

Fraction silt-
sorbed 
Hg(II) 

available for 

Methylation 
rates 

Hg Initial 
Conditions 

Hg 
Boundary 
Conditions 
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methylation 
1 “Base 
Case” 

-- Table 2 100% Table 3 Section 7 Table 6 

2  1 “Clean 
Case” 

as Base 
Case 
 

as Base 
Case 
 

as Base 
Case 
 

Sediments 
set to 0 

as Base 
Case 
 

 2 
“Contaminated 
Case” 

     

2A 100xbase 10% as Base 
Case 

Section 7 Set to 0 

2B 100xbase 1% as Base 
Case 
 

Section 7 Set to 0 

2C 200xbase 0.5% as Base 
Case 
 

Section 7 Set to 0 

 

9.1. Scenario 1: Base Case Modeling 
 
The fi rst figures (Figure 8 - Figure 11) show the model predictions for the Base Case scenario. 
From th is modeling run, f or all s pecies o f m ercury, t he m odel-predicted results exceed t he 
observed concentrations.  T he unfiltered mercury concentrations predicted by the model are not 
only m uch greater t han observed, but  m uch greater t han one  would ge nerally e xpect.  In t he 
reservoirs, concentrations in the 200 to 300 ng/L are almost two orders of magnitude higher than 
the obs erved c oncentrations.  In t he floodplain, t he c oncentrations are 10 t o 70 ng /L, a bout a n 
order of magnitude higher than observed.  The filtered total mercury predicted concentrations are 
similarly orders of magnitude higher than the observed in all locations.  The only location that is 
not g reatly ov erpredicted f or t otal Hg i s t he f irst s egment of  R eservoir 2.  T his s egment i s 
primarily impacted by the inflowing concentrations.  The results for filtered and unfiltered MeHg 
are also presented, and follow similar patterns, but not to as great a degree.  The conclusion from 
this s imulation is  th at i t d oes n ot a ppear th at modeling th e entire s ystem w ith o ne u niform 
partition coefficient adequately represents the system.   
 
This m echanistic m odeling e valuation s uggests t hat t he m ercury t hat ha s be en pr esent i n t he 
system for decades from the Nyanza site has had enough time to penetrate into the interstices of 
the solid particles (namely silts and fines), and therefore has become effectively sequestered from 
the m icrobial act ive z ones f or m ethylation.  T herefore, t he n ext s tep included separating t he 
different t ypes of  mercury and s imulating them individually and then combining the s imulation 
results. 
  

9.2. Scenario 2: Decoupling the Initial Conditions and Inflow 
Concentrations 
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The results for these runs were first presented individually on Figure 12 - Figure 15. These results 
reveal how well the observed measurements a re modeled b y either solely Case 1  or  one  o f the 
Case 2s (2A, 2B, or 2C).  In regard to the unfiltered HgT, the different case models do be tter or 
worse depending on t he section of the Sudbury River being evaluated.  For Reservoir 2, Case 1 
simulates the observed concentrations better than any of the Case 2s.  This is true for the filtered 
HgT as well.  T his suggests that the total mercury present in the surface water of Reservoir 2 is 
strongly i nfluenced b y the i ncoming f low c oncentrations.  C ase 1 a lso suggests t hat t he H gT 
decreases al ong t he length of R eservoir 2, w hile t he C ase 2s  s how a n i ncrease i n H gT.  T he 
observed d ata m ore a ccurately r eflect a  l oss i n concentration a long t he length o f t he reservoir. 
Continuing with HgT,  all model results are seen as overpredicting for the upper lobe of Reservoir 
1 ( the pa rt receiving inflow f rom R eservoir 3) , a nd s lightly unde rpredicting f or t he pa rt of  
Reservoir 1, r ight before the impoundment. This is more so the case for the filtered HgT for the 
upper lobe of Reservoir 1, where the model is more appreciably overpredicting.  Right before the 
impoundment f or R eservoir 1, t he c ontaminated s ediment c ases a re a ppreciably ove rpredicting 
both f iltered a nd unf iltered H gT, w hile C ase 1 d oes a  r easonable j ob for t he f iltered H gT and 
slightly unde rpredicts a  f ew obs ervations f or t he unf iltered H gT.  F or t he G reat M eadows 
National W ildlife R efuge ( GMNWR), a ll m odels unde rpredict t he obs erved H gT f or t he t hree 
locations measured.  There are some appreciably high unfiltered HgT observations, 10 – 30 ng/L, 
which t he m odels here a re incapable of predicting.  F rom these s imulations, however, i t s eems 
that th e s ediment h ere may b e mo re a ctively i nteracting w ith th e o verlying w ater th an th e 
reservoir systems.  For the unfiltered HgT, it is difficult to argue whether Case 1 or the Case 2s do 
a better job of predicting the unfiltered HgT in these systems.  A ll of them capture some of the 
variability in the observations, and the results seem to lie between the two cases. 
 
Next i s t o l ook a t t he M eHg m odel pr edictions a nd obs ervations.  For R eservoir 2 , C ase 1 
captures relatively well the pattern observed for unfiltered MeHg, but does not capture the higher 
observed concentrations.  The pattern of decreasing unfiltered MeHg concentrations is mimicked 
in the modeling simulations for Case 1.  The Case 2s show an increase in MeHg concentration as 
the model simulates the length of Reservoir 2.  The Case 2 also show a shifted peak from Case 1.  
The higher availability of methylation in Case 2C suggests higher concentrations of MeHg than 
observed, suggesting that this level of methylation may not adequately represent this system.  In 
Reservoir 1, C ase 1 s eems t o unde rpredict t he M eHg c oncentrations, bot h a s filtered an d 
unfiltered. T he C ase 2 s s eem to  s imilarly u nderpredict t he observations; with t he hi gher 
methylation rate process for Case 2C captures the highs reached in this system.  In the GMNWR, 
the obs ervations a re hi gher t han C ase 1 a nd a re on pa r w ith some of  t he C ase 2 r esults.  T his 
suggests that the influence of  the sediment may be more important further downstream such as 
GMNWR. 
 
After in vestigating th ese c ases a s in dividual me chanistic mo dels, th e n ext s tep w as to  a dd th e 
results of the two systems. These results are presented in Figure 16 - Figure 19.  That is to have a 
Base Case clean scenario as one case, and then have cases where the simulated concentrations of 
the C ase 2 s w ere added t o t he C ase 1 results, t hereby i ncorporating bot h t he i ncoming i nflow 
concentrations and the contaminated sediment concentrations.  This assumes that the results are 
linear and may be added together, or rather, more accurately, that the errors introduced by linearly 
adding th e tw o r esults are s mall e nough a s to  n ot g reatly in terfere w ith in terpretation o f th e 
results. 
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Starting again with HgT, adding the Case 2s to Case 1, the first section of Reservoir 2 seems to be 
relatively w ell m odeled b y an y o f the c ombinations.  W ith C ase 1 e ffectively c apturing t he 
observations in this segment, and Case 2s being near zero, it would be adequate to use any model 
to r epresent th is s ystem.  F or u nfiltered H gT in  th is s egment, th e results s eem to  b e s lightly 
overpredicting, th is may be a result of some e rror in  s imulating solids in  these s ystems, due to  
limited information on solids in the Sudbury River and Reservoir 2. For the downstream segments 
of Reservoir 2, the addition of the Case 2s overwhelm the model and greatly overpredict in these 
cases.  This suggests that for HgT, both filtered and unfiltered, the Case 1 + Case 2s overpredict 
for Reservoir 2.  The model simulates the observed concentrations well enough with no sediment 
interaction. For Reservoir 1, the upper lobe (near Reservoir 3), is overpredicted by the combined 
cases, and Case 1 does well enough without the addition of Case 2s.  For the end of Reservoir 2, 
Case 1  d oes a b etter case than t he addition of  t he C ase 2s .  For t he G MNWR, a ll c ases 
underpredict t he hi gh observations.  These observations ma y b e artificially in flated b y 
inadvertently capturing sediment suspended when trying to take a sample or may represent higher 
interaction with the sediment than the model is capturing. Another factor (source of uncertainty) 
is that the model is simulating the entire width of the GMNWR as a single segment, therefore the 
model i s e ffectively i ntegrating t he c hannel w ith t he f loodplain, s o t he hi gh pe aks m ay b e 
reflective of the floodplain, but not the cross-sectional average that the model is simulating.  For 
the filtered HgT, all the cases do similarly well for the GMNWR. It is therefore hard to separate 
which model does best for this case, but demonstrates that all the models here are acceptable. 
 
For MeHg, the combination of models all underpredict both filtered and unfiltered MeHg in the 
upstream of  R eservoir 2.  M oving dow nstream t he C ase 2s  s uggest a n i ncrease i n M eHg 
concentration going do wnstream, w hich i s not  ne cessarily r eflected i n t he obs ervations.  T he 
higher peaks of MeHg are better captured by Case2C, but this case seems to overpredict for the 
other observations, Case 2A and 2B predict an increase in MeHg when the observations suggest a 
drop in concentration.  For Reservoir 1, the upper lobe underpredicts both filtered and unfiltered.  
Case 2C has higher concentrations predicted, but the peaks are at times that observations suggest 
a drop rather t han an increase. The sharp f luctuations of  Case 2C , t hough, would require more 
temporally resolved observations to rule out  the high f luctuations predicted.  F or the GMNWR, 
the models a ll underpredict the observations.  C ase 2C comes c lose to capturing the peaks, but  
again has sharp fluctuations that are temporally sharp and not reflected in the observations.  It is 
possible, however, the Case 2C may reflect the better simulation than the other cases.  This would 
then suggest that there is an appreciable influence of the sediments in this case, which is different 
than the Reservoir 2 where Case 1 adequately reflects the system. 

9.3. Scenario 3: Doubled Methylation Rate Constants 
 
One issue that arises from these simulations is that along with increasing the partition coefficient, 
the fraction available for methylation is altered.  A  question then arises to whether what is more 
important: the me thylation r ate constant, w hich i s i mpacted b y the fraction available f or 
methylation, or the partition coefficient itself. To delve into these issues, a s imple sensitivity to  
methylation rate constant was investigated.  To do this, all the cases, Case 1, 2A, 2B, and 2C were 
all run with all methylation rate constants doubled, giving case 3, 3A, 3B, and 3C. These results 
are p resented i n t he n ext s et o f figures, Figure 20 - Figure 23. The change in  me thylation r ate 
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constants has little effect on the filtered and unfiltered HgT, so we can look directly at the MeHg 
results. The increased methylation rate constant only slightly affects the upstream of Reservoir 2, 
but i ncreases t he MeHg concentrations i n t he o ther r eaches more ap preciably. A gain, t he cl ean 
sediment case adequately represents Reservoir 2, with the combination of clean and contaminated 
sediment cases results in overpredictions of  MeHg, both f iltered and unfiltered, with the largest 
impact with Case 3C. For Reservoir 1, Case 3C may capture the spikes of MeHg, both unfiltered 
and f iltered, in both sections of  Reservoir 1.   For the GMNWR, the increased methylation rate 
constants improve the simulation of filtered and unfiltered MeHg. For the GMNWR, it seems that 
to capture the MeHg concentrations, the contaminated sediment case is required. 

10. The Final Model 
 
Based on the modeled different scenarios, a final overall model was designed.  For this model, the 
combination of the clean case, with incoming mercury concentrations with clean sediments, and 
the contaminated case, with historically-contaminated sediments and clean (zero concentrations of 
HgT) inflow, was used. The partition coefficients Hg(II) to silt was modeled as being 100 times 
larger than the clean case, and only 1% of sorbed Hg(II) was available for methylation, for the 
contaminated case. Finally, higher methylation rate constants were used in the GMNWR.  

10.1. Final Model Results and Comparisons 
 
The r esults o f t he f inal model ar e p resented i n Figures 2 4 – 27. A dditionally, obs erved ve rsus 
predicted pl ots are pr esented i n Figures 28  – 31.  T hese pl ots t ake t he average o f a ll 
concentrations o f each mercury species (HgT a nd MeHg, each f iltered a nd unfiltered) f or e ach 
sampling location.  T he calculated average takes all samples throughout the year (n = 7, e xcept 
for the most downstream sample in the GMNWR, where n = 6) and takes the mean and plots the 
mean a nd s tandard de viation.  T he m odel p redicted v alues ar e t aken f rom t he s ame t ime an d 
WASP s urface w ater s egment, an d t hese ar e similarly av eraged. T hese f igures p ermit t he 
comparison of the means and the variability in both the model results and the observed results. 
 
The f inal model generally over-predicted HgT, both f iltered and unf iltered, in Reservoir 2. T he 
model di d generally w ell f or unf iltered H gT i n Reservoir 1, a nd di d not  c apture t he s pikes f or 
unfiltered H gT i n t he G MNWR. T he s amples i n G MNWR f or HgT m ay have i ncluded s ome 
disturbed sediment, so i t is feasible that these values would necessarily be under-predicted. The 
model did generally well for filtered HgT, with a general under-prediction.  For MeHg, the model 
generally did well, but did not fully capture the wide range of observed MeHg concentrations for 
filtered and unfiltered. 
 

10.2. 30-Year Predictions 
 
The final model was run for 30 years to predict mercury concentrations for the Sudbury River if 
the system were to continue in its present state.  The two-year mean was calculated for all WASP 
segments within a given reach.  For example, all predicted concentrations in segments 1 – 5 for 
two years w ere av eraged. The r esults a re pr esented s olely as di ssolved M eHg c oncentration i n 
Figure 32 and for fish tissue concentration (using a site-specific BAF of 7.8x106 L/kg, as detailed 
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in Appendix B. BAF determination) in Figure 33.  The results are for simulation time periods of 
30 yrs.  For t he di ssolved M eHg, t he r esults a re f or years 1 – 30, w hile f or t he f ish t issue 
concentration, the yrs are 4 – 33.  T he lag in fish tissue concentrations incorporates the delay of 
fish t issue c oncentration due  t o t ransfer up t he f ood c hain, s uch t hat a  gi ven 4 -year ol d f ish i s 
expressing mercury exposure for the past 4 years of its life.  

11. Areas of Uncertainty with the Final Model 
 
All environmental models a re s implifications o f c omplex s ystems, and th erefore will n ever 
exactly pr edict obs ervations.  It i s t herefore i mportant t o unde rstand t he unc ertainty i n a  given 
model a nd t o unde rstand w here i ts bi ases m ay b e ( USEPA, 2009) .  T he de viations f rom 
observations are presented in previous figures. In this section, some of the areas of uncertainty are 
presented. 
 
Some ar eas o f u ncertainty a re i ntrinsic t o m odel r epresentation itself.  W ASP m odels each  
segment a s a w ell-mixed vol ume.  F or bot h t he w ater column a nd t he s ediments, t he W ASP 
model h as a w ell-mixed a nd uni form c oncentration t hroughout t he s egment.  T his a veraging 
throughout t he vol ume i s a  ne cessary s implification, a nd m ust be  r ealized t hat t he s patial 
variability is averaged across the system.  This also results in some level of numerical dispersion 
across the linear distance as well as instant mixing within deep segments.  Additionally, the model 
only allows for three solids types, which is more rigorous than some models but less rigorous than 
others.  T his r esults i n u ncertainty i n t he i mportance o f a l arger r ange o f p article s izes t han 
incorporated in the actual model framework. 
 
The flood plains were modeled as one segment of a given shape. This leads to issues with the fact 
that t he c hannel w ill f low f aster a nd ha ve e rosional pr operties. T hese obs ervations m ay be  
artificially in flated b y capturing s ediment s uspended w hen tr ying to  t ake a  s ample, o r ma y 
represent higher interaction with the sediment than the model is capturing.  Another factor is that 
the model is simulating the entire width of the GMNWR as a single segment, therefore the model 
is effectively integrating the channel with the floodplain, so the high peaks may be reflective of 
the floodplain, but not the cross-sectional average that the model is simulating.   
 
The extent of influence of groundwater in the system is unknown. Currently the model assumes 
that t here i s n o groundwater i nteraction w ith t he s urface w ater (i.e., t hat t he S udbury river i s 
neither a gaining nor a losing stream).  If there are reaches in the Sudbury River that are losing, 
then there may be an additional loss of mercury from the system as the water carries dissolved 
mercury of all forms into the sediments, and could effectively pass through the sediment and out 
of the model domain, further decreasing mercury concentrations in the simulated sediment layers.  
Conversely, i f t here a re r eaches w here t he S udbury R iver i s ga ining, t hen t here c ould b e 
additional l oading of  mercury concentrations a s t he p ore w ater m ercury i s carried i nto t he 
overlying w ater column.  T his w ould r esult i n a n i ncreased i mpact of  t he s ediment por e w ater 
mercury concentrations of both Hg(II) and MeHg.   
 
A t wo-year h ydrologic c ycle o f d ata w as u sed i n t he m odel, w hich was us ed t o dr ive t he 
hydrodynamics of the WASP model.  These two years were then repeated to provide 32 years of 
hydrologic i nputs. O n a  c ouple of  da tes dur ing t he r ecords us ed t here was s ignificant r ainfall 
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events.  On September 7, 2008, there was enough rain to qualify as a 10-year storm event and on 
April 16, 2007 t here w as 4 i nches of  r ain, e quivalent t o a  5 -year s torm e vent.  A s a  r esult of  
repeating t he h ydrologic i nputs, t hese ev ents were r epeated s o t hat t hey occurred 1 6 t imes 
throughout the simulation.  There is therefore some uncertainty attributable to inclusion of rainfall 
events at a significantly greater frequency than would be expected to occur for the duration of the 
simulation (i.e., 16 ten-year storms over 32 years as opposed to 3 or 4).  These events may project 
an increase in erosion and transport and thus an increase in the interaction between the sediments 
and the overlying water column.  This could result in the results being biased high and thus long-
term (predicted) MeHg concentrations being higher than actually observed due to l imited burial 
and increased transport. 
 
The f ull e xtent of  the i nfluence o f t he bounda ry concentrations, representing t he i nfluence o f 
atmospheric de position a nd w atershed l oading to t he S udbury R iver, i s u ncertain.  If t hese 
influences are under-represented (Hg(II) and MeHg boundary  conditions are too low), then the 
concentrations of  M eHg i n t he r iver w ould b e gr eater t han pr edicted, a nd t he i nfluence of  
remedial strategies would be reduced due to possible recontamination from other non-point and/or 
background s ources.  H owever, i f t hese a re ov er-represented i n t he m odel ( Hg(II) an d M eHg 
boundary conditions are higher than actual), then the ability of the remedial strategies to reduce 
mercury concentration in fish would be greater than simulated here ( i.e., there would be greater 
reductions in fish tissue Hg concentrations than simulated). 
 
The rate constants of  mercury methylation within the GMNWR have an important influence on 
the s imulated co ncentrations o f M eHg i n t his r each.  W etlands ar e d escribed b y a d ifferent 
hydrology than rivers or lakes, and they have received substantial research and observation with 
respect to methylation of mercury. Certain characteristics of wetlands, such as: seasonal flooding, 
increased r esidence t imes, i ncreased o rganic m atter an d car bon m ineralization, an d z ones o f 
anoxia result in an environment where methylation potential is high (St. Louis et al., 1994; Hurley 
et al., 1995; Krabbenhoft et al., 1999; Kelly et al., 1995; Kelly et al., 1997; Brigham et al., 2009) .  
Mercury f rom a ll s ources w ill b e me thylated a t a h igher r ate in  w etlands th an in  o ther aquatic 
systems, r esulting i n hi gher m ethylmercury concentrations a t t he ba se of  t he food w eb t hat 
increases the mercury burden to fish.  These observation are born out in the recent evaluation of 
the G MNWR ( Reach 8 ) of  t he S udbury R iver f or t his m odeling e ffort.  A s e videnced b y t he 
observations in the recent measurements of MeHg and dissolved MeHg in surface water along the 
Sudbury River, the MeHg concentrations increase as they travel through the GMNWR.  This was 
also observed by Waldron, et al (2000).  T he model incorporates these processes and reflect the 
current observed mercury concentrations.  If, however, the model has methylation rate constants 
that are higher than actual, then the simulated MeHg concentrations may be over-estimated, thus 
the observed f ish t issue concentrations (over t ime) would be  less than predicted. Conversely, i f 
methylation r ate constants a re hi gher t han us ed i n t he m odel, t hen t he s imulated M eHg 
concentrations w ould be  unde r-predicted, a nd f ish t issue m ercury r esults w ould be  hi gher t han 
predicted. 
 
The final model assumes that the overall structure of the Sudbury River system will remain the 
same as it is today.  T hat is the hydrologic cycle, the temperature fluctuation, watershed loading 
and a tmospheric de position, t he w ater c hemistry, a nd f ood w eb w ill a ll remain t he s ame i n 30 
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years as i t is today.  T his assumption is necessary to predict forward, but there may be changes 
within the system that are unknown and produces a corresponding amount of uncertainty. 
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Figure 1. Sudbury River Focus Area and WASP Model Segments 
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Figure 2. General Layering of WASP Segments (downstream of Reservoir 1 impoundment) 

 
 
 
Figure 3. Layering of WASP Segments upstream of Reservoir 1 impoundment, except final 
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Figure 4. Layering of WASP Segments upstream of Reservoir 1 impoundment, except final 
segment of Reservoir   
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Figure 5. Representation of the processes governing solids cycling 

 

 
 
 
 

sediments 

Lower water 
column 

upper water 
column 

dispersion 

bulk exchange settling 

resuspension 

sands 

organic solids 

burial 

settling 

outflow inflow 

solids load 

cobbles 

fines 



    

 35 

Figure 6. Equilibrium partitioning and complexation of mercury to solids and DOC 
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Figure 7. Representation of the processes governing mercury cycling 
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Figure 8. Base Case (Scenario 1) with current boundary conditions and contaminated sediments. Unfiltered Total Mercury 
Concentrations [ng/L] 
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Figure 9.  Base Case (Scenario 1) with boundary conditions and contaminated sediments. Unfiltered Methyl Mercury Concentrations 
[ng/L] 
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Figure 10. Base Case (Scenario 1) with boundary conditions and contaminated sediments. Filtered Total Mercury Concentrations 
[ng/L] 
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Figure 11. Base Case (Scenario 1) with boundary conditions and contaminated sediments. Filtered Methyl Mercury Concentrations 
[ng/L] 
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Figure 12. Scenario 2: Comparison of Clean Case (Case 1) and Contaminated Sediment Cases (Case 2A, 2B, 2C). Unfiltered Total 
Mercury Concentration [ng/L] 
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Figure 13. Scenario 2: Comparison of Clean Case (Case 1) and Contaminated Sediment Cases (Case 2A, 2B, 2C). Unfiltered Methyl 
Mercury Concentration [ng/L]  
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Figure 14. Scenario 2: Comparison of Clean Case (Case 1) and Contaminated Sediment Cases (Case 2A, 2B, 2C). Filtered Total 
Mercury Concentration [ng/L]  
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Figure 15. Scenario 2: Comparison of Clean Case (Case 1) and Contaminated Sediment Cases (Case 2A, 2B, 2C). Filtered Methyl 
Mercury Concentration [ng/L]     
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Figure 16. Scenario 2: Clean Case (Case 1) and Addition of Clean Case (Case 1) and the Contaminated Sediment Cases (Case 2A, 
2B, 2C). Unfiltered Total Mercury Concentration [ng/L] 
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Figure 17. Scenario 2: Clean Case (Case 1) and Addition of Clean Case (Case 1) and the Contaminated Sediment Cases (Case 2A, 
2B, 2C). Unfiltered Methyl Mercury Concentration [ng/L] 
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Figure 18. Scenario 2: Clean Case (Case 1) and Addition of Clean Case (Case 1) and the Contaminated Sediment Cases (Case 2A, 
2B, 2C). Filtered Total Mercury Concentration [ng/L] 
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Figure 19. Scenario 2: Clean Case (Case 1) and Addition of Clean Case (Case 1) and the Contaminated Sediment Cases (Case 2A, 
2B, 2C). Filtered Methyl Mercury Concentration [ng/L] 
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Figure 20. Scenario 3: Doubled Methylation Rates Sensitivity Investigation. Clean Case (Case 3) and Addition of Clean Case (Case 
3) and the Contaminated Sediment Cases (Case 3A, 3B, 3C). Unfiltered Total Mercury Concentration [ng/L] 
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Figure 21. Scenario 3: Doubled Methylation Rates Sensitivity Investigation. Clean Case (Case 3) and Addition of Clean Case (Case 
3) and the Contaminated Sediment Cases (Case 3A, 3B, 3C). Unfiltered Methyl Mercury Concentration [ng/L] 
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Figure 22. Scenario 3: Doubled Methylation Rates Sensitivity Investigation. Clean Case (Case 3) and Addition of Clean Case (Case 
3) and the Contaminated Sediment Cases (Case 3A, 3B, 3C). Filtered Total Mercury Concentration [ng/L] 
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Figure 23. Scenario 3: D
oubled M

ethylation R
ates Sensitivity Investigation. C

lean C
ase (C

ase 3) and A
ddition of C

lean C
ase (C

ase 
3) and the C

ontam
inated Sedim

ent C
ases (C

ase 3A
, 3B

, 3C
). Filtered M

ethyl M
ercury C

oncentration [ng/L] 
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Figure 24. Final Model, Predicted Unfiltered Total Mercury Concentrations with Observed Values. 
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Figure 25. Final Model, Predicted Unfiltered Methyl Mercury Concentrations with Observed Values. 
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Figure 26. Final Model, Predicted Filtered Total Mercury Concentrations with Observed Values. 
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Figure 27. Final Model, Predicted Filtered Methyl Mercury Concentrations with Observed Values. 
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Figure 28. Comparison of Predicted versus Observed (Unfiltered Total Hg) for each Sampling Location for Final Model Design and 
Output: Annual Means and Standard Deviations  
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Figure 29. Comparison of Predicted versus Observed (Unfiltered MeHg) for each Sampling Location for Final Model Design and 
Output: Annual Means and Standard Deviations  
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Figure 30. Comparison of Predicted versus Observed (Filtered Total Hg) for each Sampling Location for Final Model Design and 
Output: Annual Means and Standard Deviations  
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Figure 31. Comparison of Predicted versus Observed (Filtered MeHg) for each Sampling Location for Final Model Design and 
Output: Annual Means and Standard Deviations  
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Figure 32. Final Model Future Predictions for 30 yrs for Filtered (dissolved) MeHg in surface water for Sudbury River Reaches 3 – 
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Figure 33. Final Model Future Predictions for 30 yrs for Filtered (dissolved) MeHg in surface water for Sudbury River Reaches 3 – 8 
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Table A-1. Model Segmentation and Dimensions 

Reach Segment Description 
Volume 

[m3] 
Length 

[m] 
Width 

[m] 
Depth 

[m] 
3 1 Upstream_Res_2 10452 402 20 1.3 
3 2 Reservoir_2_first_leg 27104 220 77 1.6 
3 3 Res2_secleg 134000 670 100 2 
3 4 Res2mid 227550 740 123 2.5 
3 5 Res2end 644160 1220 240 2.2 
4 6 Res1from3 637560 1610 180 2.2 
4 7 Reservoir1 169769.6 742 104 2.2 
5 8 SudburyRiverafterRes1 16400 820 20 1 
5 9 SudburyRiverReach9 17640 882 20 1 
5 10 SudburyRiverReach10 9408 784 20 0.6 
5 11 SudburyRiverReach11 7560 630 20 0.6 
5 12 SudburyRiverReach12 7560 630 20 0.6 
5 13 SudburyRiverReach13 9468 789 20 0.6 
5 14 SudburyRiverPond 34125 604 57.95 0.975 
6 15 start_of_Saxonville_Pond  66960 730.67 98.54 0.93 
6 16 midSaxonvillePond  66960 730.67 98.54 0.93 
6 17 endSaxonvillePond 66960 730.67 98.54 0.93 
7 18 SaxonvilleDam1 28740 958.00 20.00 1.5 
7 19 SaxonvilleDam2 21032.6 1021.00 20.00 1.03 
7 20 SaxonvilleDam3 18837 897.00 20.00 1.05 
7 21 SaxonvilleDam4 23435 1075.00 20.00 1.09 
7 22 HeardPondSwampMarsh 825000 2423.00 309.53 1.1 
7 23 MarshReach24 152400 1814.29 70.00 1.2 
8 24 UpofGMNWR 23568 982.00 20.00 1.2 
8 25 GMNWR1 28152 1173.00 20.00 1.2 
8 26 GMNWR2 24240 1010.00 20.00 1.2 
8 27 GMNWR3 31824 1326.00 20.00 1.2 
8 28 GMNWR4 31200 1300.00 20.00 1.2 
8 29 GMNWR5 25104 1046.00 20.00 1.2 
8 30 GMNWR6 25296 1054.00 20.00 1.2 
8 31 GMNWR7 29736 1239.00 20.00 1.2 
8 32 GMNWR8 26520 1105.00 20.00 1.2 
8 33 GMNWR9 35256 1469.00 20.00 1.2 
  34 SedUpstream_Res_2 160.8 402 20 0.02 
  35 SedReservoir_2_first_leg 338.8 220 77 0.02 
  36 SedRes2_secleg 1340 670 100 0.02 
  37 SedRes2mid 1820.4 740 123 0.02 
  38 SedRes2end 5856 1220 240 0.02 
  39 SedRes1from3 5796 1610 180 0.02 
  40 SedReservoir1 1543.36 742 104 0.02 
  41 SedSudburyRiverafterRes1 328 820 20 0.02 
  42 SedSudburyRiverReach9 352.8 882 20 0.02 
  43 SedSudburyRiverReach10 313.6 784 20 0.02 
  44 SedSudburyRiverReach11 252 630 20 0.02 
  45 SedSudburyRiverReach12 252 630 20 0.02 
  46 SedSudburyRiverReach13 315.6 789 20 0.02 
  47 SedSudburyRiverPond 700 604 57.95 0.02 
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  48 Sedstart_of_Saxonville_Pond  1440 730.67 98.54 0.02 
  49 SedmidSaxonvillePond  1440 730.67 98.54 0.02 
  50 SedendSaxonvillePond 1440 730.67 98.54 0.02 
  51 SedSaxonvilleDam1 383.2 958.00 20.00 0.02 
  52 SedSaxonvilleDam2 408.4 1021.00 20.00 0.02 
  53 SedSaxonvilleDam3 358.8 897.00 20.00 0.02 
  54 SedSaxonvilleDam4 430 1075.00 20.00 0.02 
  55 SedHeardPondSwampMarsh 15000 2423.00 309.53 0.02 
  56 SedMarshReach24 2540 1814.29 70.00 0.02 
  57 SedUpofGMNWR 392.8 982.00 20.00 0.02 
  58 SedGMNWR1 469.2 1173.00 20.00 0.02 
  59 SedGMNWR2 404 1010.00 20.00 0.02 
  60 SedGMNWR3 530.4 1326.00 20.00 0.02 
  61 SedGMNWR4 520 1300.00 20.00 0.02 
  62 SedGMNWR5 418.4 1046.00 20.00 0.02 
  63 SedGMNWR6 421.6 1054.00 20.00 0.02 
  64 SedGMNWR7 495.6 1239.00 20.00 0.02 
  65 SedGMNWR8 442 1105.00 20.00 0.02 
  66 SedGMNWR9 587.6 1469.00 20.00 0.02 
 67 SubSedUpstream_Res_2 402 402 20 0.05 
 68 SubSedReservoir_2_first_leg 847 220 77 0.05 
 69 SubSedRes2_secleg 3350 670 100 0.05 
 70 SubSedRes2mid 4551 740 123 0.05 
 71 SubSedRes2end 14640 1220 240 0.05 
 72 SubSedRes1from3 14490 1610 180 0.05 
 73 SubSedReservoir1 3858.4 742 104 0.05 
 74 SubSedSudburyRiverafterRes1 820 820 20 0.05 
 75 SubSedSudburyRiverReach9 882 882 20 0.05 
 76 SubSedSudburyRiverReach10 784 784 20 0.05 
 77 SubSedSudburyRiverReach11 630 630 20 0.05 
 78 SubSedSudburyRiverReach12 630 630 20 0.05 
 79 SubSedSudburyRiverReach13 789 789 20 0.05 
 80 SubSedSudburyRiverPond 1750 604 57.95 0.05 
 81 SubSedstart_of_Saxonville_Pond  3600 730.67 98.54 0.05 
 82 SubSedmidSaxonvillePond  3600 730.67 98.54 0.05 
 83 SubSedendSaxonvillePond 3600 730.67 98.54 0.05 
 84 SubSedSaxonvilleDam1 958 958.00 20.00 0.05 
 85 SubSedSaxonvilleDam2 1021 1021.00 20.00 0.05 
 86 SubSedSaxonvilleDam3 897 897.00 20.00 0.05 
 87 SubSedSaxonvilleDam4 1075 1075.00 20.00 0.05 
 88 SubSedHeardPondSwampMarsh 37500 2423.00 309.53 0.05 
 89 SubSedMarshReach24 6350 1814.29 70.00 0.05 
 90 SubSedUpofGMNWR 982 982.00 20.00 0.05 
 91 SubSedGMNWR1 1173 1173.00 20.00 0.05 
 92 SubSedGMNWR2 1010 1010.00 20.00 0.05 
 93 SubSedGMNWR3 1326 1326.00 20.00 0.05 
 94 SubSedGMNWR4 1300 1300.00 20.00 0.05 
 95 SubSedGMNWR5 1046 1046.00 20.00 0.05 
 96 SubSedGMNWR6 1054 1054.00 20.00 0.05 
 97 SubSedGMNWR7 1239 1239.00 20.00 0.05 
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 98 SubSedGMNWR8 1105 1105.00 20.00 0.05 
 99 SubSedGMNWR9 1469 1469.00 20.00 0.05 
  100 Deep_Res2end 110700 300 123 3 
  101 SedDeep_Res2end 738 300 123 0.02 
  102 SubSedDeep_Res2end 1845 300 123 0.05 
  103 ThirdSed_Deep_Res2end 1845 300 123 0.05 
  104 FourthSed_Deep_Res2end 1845 300 123 0.05 
  105 ThirdSed_Upstream_Res_2 10452 402 20 0.05 
  106 ThirdSed_Reservoir_2_first_leg 27104 220 77 0.05 
  107 ThirdSed_Res2_secleg 134000 670 100 0.05 
  108 ThirdSed_Res2mid 227550 740 123 0.05 
  109 ThirdSed_Res2end 644160 1220 240 0.05 
  110 ThirdSed_Res1from3 637560 1610 180 0.05 
  111 ThirdSed_Reservoir1 169769.6 742 104 0.05 
  112 FourthSed_Upstream_Res_2 10452 402 20 0.05 
  113 FourthSed_Reservoir_2_first_leg 27104 220 77 0.05 
  114 FourthSed_Res2_secleg 134000 670 100 0.05 
  115 FourthSed_Res2mid 227550 740 123 0.05 
  116 FourthSed_Res2end 644160 1220 240 0.05 
  117 FourthSed_Res1from3 637560 1610 180 0.05 
  118 FourthSed_Reservoir1 169769.6 742 104 0.05 
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Table A-2. Segment Types and Flow Characteristics 

Segment Segment Type Bottom Segment Slope 
Bottom  

Roughness 

Minimum  
Depth 

[m] 
1 Surface SedUpstream_Res_2 0 0.030 1.3 
2 Surface SedReservoir_2_first_leg 0 0.030 1.6 
3 Surface SedRes2_secleg 0 0.030 2 
4 Surface SedRes2mid 0 0.030 2.5 
5 Surface SedRes2end 0 0.030 2.2 
6 Surface SedRes1from3 0 0.030 2.2 
7 Surface SedReservoir1 0 0.030 2.2 
8 Surface SedSudburyRiverafterRes1 0.00288 0.03 0.02 
9 Surface SedSudburyRiverReach9 0.00008 0.04 0.02 

10 Surface SedSudburyRiverReach10 0.00008 0.04 0.02 
11 Surface SedSudburyRiverReach11 0.00008 0.04 0.02 
12 Surface SedSudburyRiverReach12 0.00008 0.04 0.02 
13 Surface SedSudburyRiverReach13 0.00211 0.04 0.02 
14 Surface SedSudburyRiverPond 0.0001 0.04 0.02 
15 Surface Sedstart_of_Saxonville_Pond  0.00011 0.04 0.02 
16 Surface SedmidSaxonvillePond  0.00011 0.04 0.02 
17 Surface SedendSaxonvillePond 0 0.04 0.02 
18 Surface SedSaxonvilleDam1 0.00715 0.04 0.02 
19 Surface SedSaxonvilleDam2 0.00021 0.04 0.02 
20 Surface SedSaxonvilleDam3 0.00032 0.04 0.02 
21 Surface SedSaxonvilleDam4 0.00032 0.04 0.02 
22 Surface SedHeardPondSwampMarsh 0.00032 0.04 0.02 
23 Surface SedMarshReach24 0.0001 0.04 0.02 
24 Surface SedUpofGMNWR 0.0001 0.045 0.02 
25 Surface SedGMNWR1 0.0001 0.050 0.02 
26 Surface SedGMNWR2 0.0001 0.050 0.02 
27 Surface SedGMNWR3 0.0001 0.050 0.02 
28 Surface SedGMNWR4 0.0001 0.050 0.02 
29 Surface SedGMNWR5 0.0001 0.050 0.02 
30 Surface SedGMNWR6 0.0001 0.050 0.02 
31 Surface SedGMNWR7 0.0001 0.050 0.02 
32 Surface SedGMNWR8 0.0001 0.050 0.02 
33 Surface SedGMNWR9 0.0001 0.050 0.02 
34 Surface Benthic SubSedUpstream_Res_2 0 231600 0.00 
35 Surface Benthic SubSedReservoir_2_first_leg 0 231600 0.00 
36 Surface Benthic SubSedRes2_secleg 0 450000 0.00 
37 Surface Benthic SubSedRes2mid 0 450000 0.00 
38 Surface Benthic SubSedRes2end 0 313200 0.00 
39 Surface Benthic SubSedRes1from3 0 313200 0.00 
40 Surface Benthic SubSedReservoir1 0 313200 0.00 
41 Surface Benthic SubSedSudburyRiverafterRes1 0.00288 1590000 0.00 
42 Surface Benthic SubSedSudburyRiverReach9 0.00008 1590000 0.00 
43 Surface Benthic SubSedSudburyRiverReach10 0.00008 1590000 0.00 
44 Surface Benthic SubSedSudburyRiverReach11 0.00008 1590000 0.00 
45 Surface Benthic SubSedSudburyRiverReach12 0.00008 1590000 0.00 
46 Surface Benthic SubSedSudburyRiverReach13 0.00211 1590000 0.00 
47 Surface Benthic SubSedSudburyRiverPond 0.0001 1590000 0.00 
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48 Surface Benthic SubSedstart_of_Saxonville_Pond  0.00011 294000 0.00 
49 Surface Benthic SubSedmidSaxonvillePond  0.00011 294000 0.00 
50 Surface Benthic SubSedendSaxonvillePond 0 294000 0.00 
51 Surface Benthic SubSedSaxonvilleDam1 0.00715 1590000 0.00 
52 Surface Benthic SubSedSaxonvilleDam2 0.00021 1590000 0.00 
53 Surface Benthic SubSedSaxonvilleDam3 0.00032 1590000 0.00 
54 Surface Benthic SubSedSaxonvilleDam4 0.00032 1590000 0.00 
55 Surface Benthic SubSedHeardPondSwampMarsh 0.00032 1590000 0.00 
56 Surface Benthic SubSedMarshReach24 0.0001 1590000 0.00 
57 Surface Benthic SubSedUpofGMNWR 0.0001 1590000 0.00 
58 Surface Benthic SubSedGMNWR1 0.0001 446400 0.00 
59 Surface Benthic SubSedGMNWR2 0.0001 446400 0.00 
60 Surface Benthic SubSedGMNWR3 0.0001 446400 0.00 
61 Surface Benthic SubSedGMNWR4 0.0001 446400 0.00 
62 Surface Benthic SubSedGMNWR5 0.0001 446400 0.00 
63 Surface Benthic SubSedGMNWR6 0.0001 446400 0.000 
64 Surface Benthic SubSedGMNWR7 0.0001 446400 0.00 
65 Surface Benthic SubSedGMNWR8 0.0001 446400 0.00 
66 Surface Benthic SubSedGMNWR9 0.0001 446400 0.00 
67 Subsurface Benthic ThirdSed_Upstream_Res_2 0 600000 0.00 
68 Subsurface Benthic ThirdSed_Reservoir_2_first_leg 0 600000 0.00 
69 Subsurface Benthic ThirdSed_Res2_secleg 0 600000 0.00 
70 Subsurface Benthic ThirdSed_Res2mid 0 600000 0.00 
71 Subsurface Benthic ThirdSed_Res2end 0 600000 0.00 
72 Subsurface Benthic ThirdSed_Res1from3 0 600000 0.00 
73 Subsurface Benthic ThirdSed_Reservoir1 0 600000 0.00 
74 Subsurface Benthic None 0.00288 600000 0.00 
75 Subsurface Benthic None 0.00008 600000 0.00 
76 Subsurface Benthic None 0.00008 600000 0.00 
77 Subsurface Benthic None 0.00008 600000 0.00 
78 Subsurface Benthic None 0.00008 600000 0.00 
79 Subsurface Benthic None 0.00211 600000 0.00 
80 Subsurface Benthic None 0.0001 600000 0.00 
81 Subsurface Benthic None 0.00011 600000 0.00 
82 Subsurface Benthic None 0.00011 600000 0.00 
83 Subsurface Benthic None 0 600000 0.00 
84 Subsurface Benthic None 0.00715 600000 0.00 
85 Subsurface Benthic None 0.00021 600000 0.00 
86 Subsurface Benthic None 0.00032 600000 0.00 
87 Subsurface Benthic None 0.00032 600000 0.00 
88 Subsurface Benthic None 0.00032 600000 0.00 
89 Subsurface Benthic None 0.0001 600000 0.00 
90 Subsurface Benthic None 0.0001 600000 0.00 
91 Subsurface Benthic None 0.0001 600000 0.00 
92 Subsurface Benthic None 0.0001 600000 0.00 
93 Subsurface Benthic None 0.0001 600000 0.00 
94 Subsurface Benthic None 0.0001 600000 0.00 
95 Subsurface Benthic None 0.0001 600000 0.00 
96 Subsurface Benthic None 0.0001 600000 0.00 
97 Subsurface Benthic None 0.0001 600000 0.00 
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98 Subsurface Benthic None 0.0001 600000 0.00 
99 Subsurface Benthic None 0.0001 600000 0.00 
100 Surface SedDeep_Res2end 0 0 3.00 
101 Surface Benthic SubSedDeep_Res2end 0.0008 375000 0.00 
102 Subsurface Benthic ThirdSed_Deep_Res2end 0.0008 600000 0.00 
103 Subsurface Benthic FourthSed_Deep_Res2end 0.0008 750000 0.00 
104 Subsurface Benthic none 0.0008 1000000 0.00 
105 Subsurface Benthic FourthSed_Upstream_Res_2 0 750000 0.00 
106 Subsurface Benthic FourthSed_Reservoir_2_first_leg 0.0008 750000 0.00 
107 Subsurface Benthic FourthSed_Res2_secleg 0.0008 750000 0.00 
108 Subsurface Benthic FourthSed_Res2mid 0.0008 750000 0.00 
109 Subsurface Benthic FourthSed_Res2end 0.0001 750000 0.00 
110 Subsurface Benthic FourthSed_Res1from3 0.0008 750000 0.00 
111 Subsurface Benthic FourthSed_Reservoir1 0.0001 750000 0.00 
112 Subsurface Benthic none 0 1000000 0.00 
113 Subsurface Benthic none 0.0008 1000000 0.00 
114 Subsurface Benthic none 0.0008 1000000 0.00 
115 Subsurface Benthic none 0.0008 1000000 0.00 
116 Subsurface Benthic none 0.0001 1000000 0.00 
117 Subsurface Benthic none 0.0008 1000000 0.00 
118 Subsurface Benthic none 0.0001 1000000 0.00 
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Table A-3. Initial Conditions, Mercury and Solids Concentrations 
Se

gm
en

t 

Description HgT Hg(0) Hg(II) MeHg 

Silts and 
Fines 
(mg/L) 

Sands 
(mg/L) 

Organic 
Matter 
(mg/L) %solids TOC 

1 Upstream_Res_2 4.5 0.0 4.2 0.1 2 0 0   
2 Reservoir_2_first_leg 4.5 0.0 4.2 0.1 2 0 0   
3 Res2mid 4.0 0.0 3.8 0.1 2 0 0   
4 Res2end 3.3 0.0 3.1 0.1 2 0 0   
5 Reservoir1fromRes2 2.8 0.0 2.6 0.1 2 0 0   
6 Res1mid 1.4 0.0 1.3 0.1 2 0 0   
7 Res1fromRes3 3.0 0.0 2.9 0.1 2 0 0   
8 SudburyRiverafterRes1 3.0 0.0 2.9 0.1 2 0 0   
9 SudburyRiverReach9 3.0 0.0 2.9 0.1 2 0 0   
10 SudburyRiverReach10 3.0 0.0 2.9 0.1 2 0 0   
11 SudburyRiverReach11 3.0 0.0 2.9 0.1 2 0 0   
12 SudburyRiverReach12 3.0 0.0 2.9 0.1 2 0 0   
13 SudburyRiverReach13 3.0 0.0 2.9 0.1 2 0 0   
14 SudburyRiverPond 3.0 0.0 2.9 0.1 2 0 0   
15 start_of_Saxonville_Pond 3.0 0.0 2.9 0.1 2 0 0   
16 midSaxonvillePond 3.0 0.0 2.9 0.1 2 0 0   
17 endSaxonvillePond 3.0 0.0 2.9 0.1 2 0 0   
18 SaxonvilleDam1 3.0 0.0 2.9 0.1 2 0 0   
19 SaxonvilleDam2 3.0 0.0 2.9 0.1 2 0 0   
20 SaxonvilleDam3 3.0 0.0 2.9 0.1 2 0 0   
21 SaxonvilleDam4 3.0 0.0 2.9 0.1 2 0 0   
22 HeardPondSwampMarsh 3.0 0.0 2.9 0.1 2 0 0   
23 MarshReach24 3.0 0.0 2.9 0.1 6 0 0   
24 UpofGMNWR 7.0 0.0 6.8 0.1 6 0 0   
25 GMNWR1 7.3 0.0 7.0 0.1 6 0 0   
26 GMNWR2 9.0 0.0 8.8 0.1 6 0 0   
27 GMNWR3 7.0 0.0 6.8 0.1 6 0 0   
28 GMNWR4 7.3 0.0 7.0 0.1 6 0 0   
29 GMNWR5 7.0 0.0 6.8 0.1 6 0 0   
30 GMNWR6 7.0 0.0 6.8 0.1 6 0 0   
31 GMNWR7 7.0 0.0 6.8 0.1 6 0 0   
32 GMNWR8 7.0 0.0 6.8 0.1 6 0 0   
33 GMNWR9 7.0 0.0 6.8 0.1 6 0 0  
34 SedUpstream_Res_2 3,440.4 0.0 3,434.1 6.3 342,000 0 21,800 19.3 88,500 
35 SedReservoir_2_first_leg 2,609.6 0.0 2,604.5 5.1 407,000 0 51,500 19.3 88,500 
36 SedRes2mid 4,823.5 0.0 4,819.5 3.9 479,000 5,590 234,000 37.5 57,200 
37 SedRes2end 12,922.9 0.0 12,918.7 4.2 265,000 52,500 502,000 37.5 57,200 
38 SedReservoir1fromRes2 13,004.0 0.0 13,000.0 4.0 115,000 47,300 444,000 26.1 65,700 
39 SedRes1mid 869.4 0.0 868.1 1.3 369,000 3,470 136,000 26.1 65,700 
40 SedRes1fromRes3 7,883.0 0.0 7,880.7 2.3 144,000 41,200 358,000 26.1 65,700 
41 SedSudburyRiverafterRes1 281.6 0.0 280.6 1.0 3 10 24 42.5 42,000 
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42 SedSudburyRiverReach9 43.5 0.0 43.3 0.2 99,000 10 68,800 42.5 42,000 
43 SedSudburyRiverReach10 1,112.9 0.0 1,110.0 2.9 125,000 0 64,500 42.5 42,000 
44 SedSudburyRiverReach11 2,520.5 0.0 2,515.0 5.5 155,000 10 83,400 42.5 42,000 
45 SedSudburyRiverReach12 172.5 0.0 171.7 0.8 153,000 10 81,600 42.5 42,000 
46 SedSudburyRiverReach13 943.0 0.0 941.4 1.6 2 0 32 42.5 42,000 
47 SedSudburyRiverPond 1,171.2 0.0 1,168.3 2.9 630,000 35 88,100 42.5 42,000 
48 Sedstart_of_Saxonville_Pond 211.6 0.0 210.8 0.8 652,000 276 159,000 29.4 65,100 
49 SedmidSaxonvillePond 1,476.4 0.0 1,475.3 1.1 533,000 372 235,000 29.4 65,100 
50 SedendSaxonvillePond 3,778.7 0.0 3,774.8 3.8 589,000 2,540 114,000 29.4 65,100 
51 SedSaxonvilleDam1 35.4 0.0 35.3 0.1 4 0 10 56.5 31,500 
52 SedSaxonvilleDam2 31.5 0.0 31.4 0.0 44 0 647 56.5 31,500 
53 SedSaxonvilleDam3 353.8 0.0 353.4 0.4 10 0 248 56.5 31,500 
54 SedSaxonvilleDam4 61.8 0.0 61.7 0.1 10 0 240 56.5 31,500 
55 SedHeardPondSwampMarsh 1,890.3 0.0 1,881.1 9.2 268,000 10 106,000 56.5 31,500 
56 SedMarshReach24 226.3 0.0 225.5 0.7 169,000 10 69,600 56.5 31,500 
57 SedUpofGMNWR 6,727.0 0.0 6,721.1 5.9 257,000 10 60,000 37.2 38,900 
58 SedGMNWR1 132.0 0.0 131.6 0.4 461,000 135 293,000 37.2 38900 
59 SedGMNWR2 96.2 0.0 95.9 0.3 478,000 179 321,000 37.2 38900 
60 SedGMNWR3 440.2 0.0 436.5 3.8 461,000 164 312,000 37.2 38900 
61 SedGMNWR4 1,294.3 0.0 1,283.0 11.2 455,000 156 311,000 37.2 38900 
62 SedGMNWR5 1,003.9 0.0 998.6 5.3 457,000 151 317,000 37.2 38900 
63 SedGMNWR6 1,195.5 0.0 1,191.0 4.5 454,000 135 316,000 37.2 38900 
64 SedGMNWR7 1,934.8 0.0 1,918.0 16.8 441,000 124 309,000 37.2 38900 
65 SedGMNWR8 119.4 0.0 119.1 0.2 452,000 88 314,000 37.2 38900 
66 SedGMNWR9 678.4 0.0 676.0 2.4 471,000 105 335,000 37.2 38900 
67 SubSedUpstream_Res_2 13,329.7 0.0 13,320.2 9.5 816,000 0 50,400   
68 SubSedReservoir_2_first_leg 10,110.0 0.0 10,102.4 7.6 770,000 0 96,200   
69 SubSedRes2mid 10,007.5 0.0 10,000.0 7.5 481,000 36,400 287,000   
70 SubSedRes2end 4,582.5 0.0 4,555.8 26.7 332,000 88,400 364,000   
71 SubSedReservoir1fromRes2 25,632.0 0.0 25,628.8 3.3 424,000 97,500 350,000   
72 SubSedRes1mid 3,369.2 0.0 3,367.2 2.0 526,000 42,200 256,000   
73 SubSedRes1fromRes3 15,538.2 0.0 15,536.4 1.8 295,000 92,200 363,000   
74 SubSedSudburyRiverafterRes1 2,001.0 0.0 2,000.0 1.0 360,000 100,000 267,000   
75 SubSedSudburyRiverReach9 2,001.0 0.0 2,000.0 1.0 323,000 100,000 230,000   
76 SubSedSudburyRiverReach10 2,001.0 0.0 2,000.0 1.0 341,000 99,800 244,000   
77 SubSedSudburyRiverReach11 2,001.0 0.0 2,000.0 1.0 352,000 99,700 257,000   
78 SubSedSudburyRiverReach12 2,001.0 0.0 2,000.0 1.0 355,000 99,700 262,000   
79 SubSedSudburyRiverReach13 2,001.0 0.0 2,000.0 1.0 360,000 100,000 267,000   
80 SubSedSudburyRiverPond 2,001.0 0.0 2,000.0 1.0 310,000 75,200 165,000   
81 SubSedstart_of_Saxonville_Pond 2,001.0 0.0 2,000.0 1.0 392,000 85,300 258,000   
82 SubSedmidSaxonvillePond 2,001.0 0.0 2,000.0 1.0 363,000 96,000 280,000   
83 SubSedendSaxonvillePond 2,001.0 0.0 2,000.0 1.0 697,000 24,600 172,000   
84 SubSedSaxonvilleDam1 2,001.0 0.0 2,000.0 1.0 360,000 100,000 267,000   
85 SubSedSaxonvilleDam2 2,001.0 0.0 2,000.0 1.0 342,000 100,000 248,000   
86 SubSedSaxonvilleDam3 2,001.0 0.0 2,000.0 1.0 360,000 100,000 267,000   
87 SubSedSaxonvilleDam4 2,001.0 0.0 2,000.0 1.0 360,000 100,000 267,000   
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88 SubSedHeardPondSwampMarsh 4,402.9 0.0 4,391.3 11.6 355,000 100,000 261,000   
89 SubSedMarshReach24 4,002.0 0.0 4,000.0 2.0 358,000 100,000 264,000   
90 SubSedUpofGMNWR 7,840.5 0.0 7,838.9 1.5 329,000 90,200 232,000   
91 SubSedGMNWR1 1,503.0 0.0 1,500.0 3.0 368,000 97,100 266,000   
92 SubSedGMNWR2 1,503.0 0.0 1,500.0 3.0 366,000 98,100 268,000   
93 SubSedGMNWR3 1,503.0 0.0 1,500.0 3.0 364,000 98,600 268,000   
94 SubSedGMNWR4 1,483.8 0.0 1,478.9 4.9 363,000 98,800 267,000   
95 SubSedGMNWR5 1,503.0 0.0 1,500.0 3.0 362,000 98,900 267,000   
96 SubSedGMNWR6 1,503.0 0.0 1,500.0 3.0 362,000 99,000 267,000   
97 SubSedGMNWR7 1,712.3 0.0 1,704.5 7.7 362,000 99,200 267,000   
98 SubSedGMNWR8 1,503.0 0.0 1,500.0 3.0 364,000 98,700 268,000   
99 SubSedGMNWR9 1,503.0 0.0 1,500.0 3.0 362,000 99,300 267,000   
100 Deep_Res2end 0.0 0.0 0.0 0.0 0 0 0   
101 SedDeep_Res2end 21,032.6 0.0 21,026.2 6.4 108,000 3,010 514,000   
102 SubSedDeep_Res2end 27,619.5 0.0 27,606.1 13.5 262,000 93,300 513,000   
103 ThirdSed_Deep_Res2end 26,854.0 0.0 26,850.7 3.3 342,000 155,000 371,000   
104 FourthSed_Deep_Res2end 21,738.0 0.0 21,736.9 1.1 409,000 216,000 332,000   
105 ThirdSed_Upstream_Res_2 3,002.0 0.0 3,000.0 2.0 616,000 98,100 152,000   
106 ThirdSed_Reservoir_2_first_leg 2,579.0 0.0 2,572.5 6.5 484,000 159,000 224,000   
107 ThirdSed_Res2mid 3,832.0 0.0 3,819.5 12.5 310,000 287,000 270,000   
108 ThirdSed_Res2end 837.5 0.0 817.8 19.8 426,000 174,000 267,000   
109 ThirdSed_Reservoir1fromRes2 13,078.0 0.0 13,077.3 0.7 450,000 150,000 267,000   
110 ThirdSed_Res1mid 3,002.0 0.0 3,000.0 2.0 449,000 149,000 267,000   
111 ThirdSed_Res1fromRes3 3,002.0 0.0 3,000.0 2.0 450,000 150,000 268,000   
112 FourthSed_Upstream_Res_2 3,002.0 0.0 3,000.0 2.0 509,000 172,000 251,000   
113 FourthSed_Reservoir_2_first_leg 1,238.0 0.0 1,225.6 12.4 444,000 186,000 272,000   
114 FourthSed_Res2mid 527.0 0.0 509.8 17.2 354,000 250,000 270,000   
115 FourthSed_Res2end 3,550.0 0.0 3,545.2 4.9 384,000 216,000 267,000   
116 FourthSed_Reservoir1fromRes2 3,080.5 0.0 3,078.7 1.9 384,000 216,000 267,000   
117 FourthSed_Res1mid 3,002.0 0.0 3,000.0 2.0 388,000 216,000 267,000   
118 FourthSed_Res1fromRes3 3,002.0 0.0 3,000.0 2.0 384,000 216,000 267,000   
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USGS Flow (cubic feet per second) 
  Reservoir Reach    Wetlands Reach  

Drainage 
Area, 
mi2 

35.1 43.4 44.4 75.2  106.0 138.7 155.9 400.0 

 ASHLAND RT 135 ESTIMATE ESTIMATE  SAXONVILLE RT 20 RT 117 CONCORD 
 Gage  Reservoir 2 Reservoir 1  Gage   Gage 

DATE 1097480 109748221 OUTFLOW OUTFLOW  1098530 1098800 1098820 1099500 
   B*1.26 F*0.70      

10/1/2006 6.2 6.9 7.8 27  38.2 53 73 170.3 
10/2/2006 8.1 9.1 10 22  32.4 46 87 202.5 
10/3/2006 23.2 27 29 20  28.3 41 91 215.0 
10/4/2006 18.8 22 24 34  48.3 65 91 214.4 
10/5/2006 14.7 17 19 61  86.9 113 90 211.4 
10/6/2006 9.5 11 12 46  66.5 88 97 228.5 
10/7/2006 7.0 7.9 8.8 17  24.3 36 99 232.6 
10/8/2006 7.5 8.5 9.4 14  19.6 31 91 213.2 
10/9/2006 7.1 8 8.9 14  19.6 31 83 192.7 
10/10/2006 7.1 8 8.9 13  19.3 30 75 174.7 
10/11/2006 6.5 7.3 8.2 13  19.4 30 74 171.1 
10/12/2006 34.2 40 43 113  162.1 206 204 495.9 
10/13/2006 39.7 47 50 57  82.2 107 245 597.2 
10/14/2006 37.5 44 47 43  62.0 83 260 635.7 
10/15/2006 24.2 28 30 36  51.0 69 249 607.1 
10/16/2006 17.1 20 21 41  57.7 78 220 536.0 
10/17/2006 15.9 18 20 76  108.5 139 191 463.9 
10/18/2006 13.5 15 16 78  110.5 143 182 441.3 
10/19/2006 13.8 16 18 66  95.2 123 176 425.8 
10/20/2006 12.9 15 16 66  94.8 123 183 443.5 
10/21/2006 21.9 26 28 44  62.8 84 198 480.9 
10/22/2006 22.7 27 29 32  46.4 63 190 460.3 
10/23/2006 20.5 23 25 40  57.1 76 182 439.6 
10/24/2006 18.6 22 24 66  95.4 123 170 410.5 
10/25/2006 18.0 21 23 65  93.3 121 160 385.5 
10/26/2006 23.0 27 29 65  93.0 121 148 354.7 
10/27/2006 33.3 39 42 70  99.8 129 145 348.0 
10/28/2006 59.7 72 76 171  244.1 306 190 460.9 
10/29/2006 110.3 134 139 187  267.2 335 285 698.3 
10/30/2006 94.6 115 120 157  224.4 282 321 788.0 
10/31/2006 75.9 91 96 153  219.2 276 344 839.6 
11/1/2006 55.1 66 69 139  198.5 251 348 847.4 
11/2/2006 44.3 52 55 108  153.7 196 335 814.2 
11/3/2006 38.6 46 49 58  83.2 108 317 770.4 
11/4/2006 33.0 39 42 48  68.4 90 297 715.5 
11/5/2006 28.6 34 37 43  61.4 81 273 654.8 
11/6/2006 25.9 30 33 40  57.1 76 244 578.0 
11/7/2006 24.5 28 30 38  55.1 74 221 521.7 
11/8/2006 28.3 33 35 94  134.2 171 215 503.4 
11/9/2006 66.1 79 83 216  307.9 385 302 720.8 
11/10/2006 71.6 86 91 155  221.1 278 331 798.2 
11/11/2006 68.5 83 87 87  124.1 159 359 867.2 
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11/12/2006 52.5 63 67 85  121.9 156 363 878.5 
11/13/2006 56.4 67 71 92  132.2 169 365 882.5 
11/14/2006 88.1 106 111 248  354.5 442 418 1021.5 
11/15/2006 96.1 116 121 241  344.2 429 442 1089.1 
11/16/2006 88.4 106 111 222  316.8 396 467 1149.0 
11/17/2006 129.2 157 163 338  482.8 600 535 1315.5 
11/18/2006 149.1 183 188 328  469.0 583 551 1358.5 
11/19/2006 123.7 151 156 295  421.1 524 571 1410.7 
11/20/2006 91.4 110 115 260  371.7 464 579 1432.9 
11/21/2006 74.0 89 93 219  313.4 391 563 1387.5 
11/22/2006 65.8 79 83 228  325.2 406 543 1336.3 
11/23/2006 62.3 74 78 262  373.9 466 531 1306.9 
11/24/2006 158.5 194 199 326  466.2 579 595 1472.0 
11/25/2006 174.2 214 219 331  472.9 588 623 1537.1 
11/26/2006 145.5 179 184 304  435.3 541 651 1606.9 
11/27/2006 116.4 141 146 270  385.9 481 655 1617.4 
11/28/2006 101.9 124 129 265  379.4 472 631 1559.1 
11/29/2006 94.4 114 118 189  270.2 338 603 1488.3 
11/30/2006 90.9 110 115 148  211.0 266 575 1419.2 
12/1/2006 88.9 107 112 148  212.3 267 543 1341.0 
12/2/2006 104.4 126 131 174  249.1 313 527 1303.3 
12/3/2006 108.5 131 136 152  216.6 273 511 1259.8 
12/4/2006 100.8 122 127 161  230.4 289 495 1220.7 
12/5/2006 88.6 107 112 192  274.3 343 471 1162.3 
12/6/2006 84.0 101 106 182  260.2 326 447 1101.6 
12/7/2006 81.1 98 102 183  262.1 328 426 1050.5 
12/8/2006 76.2 91 96 174  248.9 313 405 995.7 
12/9/2006 71.6 86 91 144  205.7 260 387 950.9 
12/10/2006 72.6 88 92 141  201.3 253 370 909.3 
12/11/2006 69.3 83 87 120  170.5 217 353 865.5 
12/12/2006 66.0 79 83 84  119.7 154 337 828.3 
12/13/2006 64.7 78 82 82  117.2 150 322 789.1 
12/14/2006 67.7 82 86 84  119.6 154 309 756.8 
12/15/2006 54.3 64 68 78  111.4 143 296 725.1 
12/16/2006 49.0 58 62 72  102.8 133 282 691.2 
12/17/2006 47.0 56 59 69  97.7 127 270 659.1 
12/18/2006 45.8 55 58 68  96.6 126 255 624.0 
12/19/2006 45.0 53 57 66  93.8 122 239 584.4 
12/20/2006 44.1 52 55 64  91.3 118 227 552.1 
12/21/2006 44.4 52 55 64  91.2 118 217 527.5 
12/22/2006 43.0 51 54 75  106.6 138 205 499.0 
12/23/2006 60.5 73 77 153  217.6 274 233 568.9 
12/24/2006 78.0 94 98 148  211.2 266 269 656.7 
12/25/2006 75.8 91 96 136  194.7 246 292 714.2 
12/26/2006 79.8 96 101 181  258.4 324 328 803.7 
12/27/2006 79.6 96 101 191  273.2 342 339 831.6 
12/28/2006 74.0 89 93 181  258.2 324 353 866.0 
12/29/2006 63.6 77 81 139  198.7 251 351 862.4 
12/30/2006 56.6 68 72 81  116.0 149 343 841.6 
12/31/2006 52.9 63 67 76  108.0 139 327 801.5 
1/1/2007 64.7 78 82 111  158.8 202 334 818.9 
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1/2/2007 98.9 120 125 162  231.0 290 358 879.8 
1/3/2007 100.8 122 127 225  320.7 401 377 926.6 
1/4/2007 85.2 103 107 244  349.0 435 390 957.5 
1/5/2007 72.4 86 91 174  248.5 313 396 974.6 
1/6/2007 68.1 82 86 99  140.5 180 398 978.7 
1/7/2007 63.5 75 79 90  128.9 165 384 944.4 
1/8/2007 73.1 88 92 141  201.0 253 397 976.4 
1/9/2007 96.9 117 122 185  264.0 331 410 1011.7 
1/10/2007 94.7 115 120 197  280.9 352 414 1022.8 
1/11/2007 77.5 93 97 192  274.0 343 418 1031.1 
1/12/2007 70.0 84 88 172  246.2 309 414 1019.7 
1/13/2007 67.3 80 84 98  140.1 178 399 982.2 
1/14/2007 64.9 78 82 94  134.0 171 384 945.3 
1/15/2007 80.1 96 101 134  192.4 242 394 969.6 
1/16/2007 102.3 124 129 197  281.5 352 405 997.1 
1/17/2007 95.5 116 121 274  392.0 488 406 1004.2 
1/18/2007 75.7 91 96 224  319.9 400 410 1012.0 
1/19/2007 70.9 85 89 113  162.0 338 410 1012.1 
1/20/2007 71.0 85 89 92  130.9 301 399 981.1 
1/21/2007 59.5 70 74 86  123.4 265 366 899.1 
1/22/2007 59.6 72 76 98  140.0 240 345 847.8 
1/23/2007 56.6 68 72 120  171.7 218 329 805.7 
1/24/2007 54.6 66 69 153  217.8 274 315 772.3 
1/25/2007 52.9 63 67 168  240.4 301 303 741.6 
1/26/2007 47.4 56 59 134  191.7 242 284 694.5 
1/27/2007 43.1 51 54 73  103.5 134 265 647.5 
1/28/2007 41.9 50 53 71  101.1 131 250 610.5 
1/29/2007 44.0 52 55 69  99.3 128 236 574.7 
1/30/2007 41.9 50 53 67  96.3 124 220 534.6 
1/31/2007 40.3 47 50 67  96.3 124 208 504.5 
2/1/2007 39.0 46 49 64  92.1 119 193 467.7 
2/2/2007 38.6 46 49 64  92.0 119 182 440.5 
2/3/2007 34.1 40 43 66  95.0 123 178 430.5 
2/4/2007 32.4 38 40 62  88.0 115 171 413.9 
2/5/2007 31.1 36 39 58  83.2 108 162 390.7 
2/6/2007 28.0 33 35 83  117.7 151 154 372.2 
2/7/2007 25.5 29 32 138  196.6 249 156 375.2 
2/8/2007 23.7 28 30 124  176.7 224 166 400.2 
2/9/2007 22.5 26 28 90  127.5 164 170 409.9 
2/10/2007 21.7 26 28 50  71.8 95 164 396.0 
2/11/2007 21.4 24 26 47  67.1 89 150 360.3 
2/12/2007 21.2 24 26 47  66.7 89 138 330.5 
2/13/2007 21.2 24 26 46  65.9 88 131 312.9 
2/14/2007 40.9 48 52 62  88.0 92 121 289.4 
2/15/2007 77.2 93 97 79  112.5 145 115 273.8 
2/16/2007 54.9 66 69 122  175.4 222 139 333.3 
2/17/2007 36.6 44 47 176  251.5 316 154 372.0 
2/18/2007 30.5 36 39 160  228.3 287 157 378.2 
2/19/2007 29.8 35 38 130  185.4 234 154 371.2 
2/20/2007 26.5 32 34 111  159.1 202 151 364.1 
2/21/2007 22.9 27 29 92  131.1 167 150 360.6 
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2/22/2007 23.1 27 29 78  111.0 143 144 345.1 
2/23/2007 23.5 28 30 69  99.3 128 142 342.5 
2/24/2007 24.1 28 30 69  97.9 127 141 338.2 
2/25/2007 23.8 28 30 97  138.5 177 140 335.6 
2/26/2007 23.7 28 30 118  168.2 213 138 331.9 
2/27/2007 23.3 27 29 85  120.6 155 140 336.2 
2/28/2007 23.3 27 29 65  92.6 121 146 350.6 
3/1/2007 24.1 28 30 93  132.5 163 158 380.9 
3/2/2007 73.3 88 92 299  427.1 531 238 581.5 
3/3/2007 151.8 186 192 365  521.2 647 380 934.0 
3/4/2007 166.8 205 210 359  513.0 637 475 1168.1 
3/5/2007 114.6 140 145 310  443.0 551 527 1301.6 
3/6/2007 86.9 105 110 249  356.0 444 523 1291.4 
3/7/2007 67.0 80 84 197  282.4 353 499 1228.7 
3/8/2007 54.9 66 69 140  200.4 252 467 1146.8 
3/9/2007 48.3 57 60 83  119.4 153 430 1055.8 
3/10/2007 45.0 53 57 81  115.6 149 389 956.8 
3/11/2007 72.3 86 91 130  186.3 235 398 977.6 
3/12/2007 101.8 124 129 170  243.4 305 406 1003.2 
3/13/2007 102.3 124 129 228  325.6 407 418 1026.6 
3/14/2007 111.0 135 140 258  369.0 460 451 1112.7 
3/15/2007 124.4 151 156 316  451.2 561 483 1187.5 
3/16/2007 114.7 140 145 314  447.8 557 495 1222.6 
3/17/2007 84.0 101 106 346  493.6 614 519 1283.0 
3/18/2007 77.7 94 98 274  390.7 487 523 1292.9 
3/19/2007 83.5 100 105 160  229.0 288 515 1270.1 
3/20/2007 85.1 103 107 159  226.8 285 495 1223.9 
3/21/2007 88.9 107 112 155  221.8 279 471 1161.8 
3/22/2007 87.6 106 111 182  260.4 326 467 1148.5 
3/23/2007 145.7 179 184 300  428.2 533 491 1214.5 
3/24/2007 168.3 207 212 347  495.8 616 527 1303.0 
3/25/2007 198.2 245 249 384  548.6 681 587 1453.0 
3/26/2007 208.0 257 262 405  578.3 717 639 1582.4 
3/27/2007 208.2 257 262 446  637.1 790 683 1693.3 
3/28/2007 216.0 267 272 446  636.6 790 715 1773.9 
3/29/2007 193.0 238 243 421  601.8 747 731 1813.6 
3/30/2007 162.0 199 204 356  508.8 632 739 1832.8 
3/31/2007 142.0 174 179 234  334.4 417 727 1797.3 
4/1/2007 127.6 156 161 203  290.2 363 695 1722.0 
4/2/2007 137.8 169 174 260  372.3 464 659 1633.6 
4/3/2007 146.8 180 185 342  489.3 608 627 1546.5 
4/4/2007 138.5 170 175 366  522.9 649 611 1512.8 
4/5/2007 210.0 260 265 479  684.2 847 679 1679.6 
4/6/2007 236.6 294 299 457  652.9 809 731 1811.2 
4/7/2007 197.8 245 249 404  577.4 716 768 1898.0 
4/8/2007 157.1 193 198 363  517.6 643 772 1912.1 
4/9/2007 133.3 162 168 318  454.2 565 747 1845.6 
4/10/2007 119.2 145 150 277  395.7 493 707 1753.6 
4/11/2007 109.8 134 139 225  322.2 402 667 1648.6 
4/12/2007 105.0 127 132 223  319.4 399 635 1574.1 
4/13/2007 169.0 208 213 337  480.9 598 647 1597.1 
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4/14/2007 188.1 232 237 354  504.6 627 651 1609.0 
4/15/2007 162.6 200 205 386  551.4 684 691 1714.3 
4/16/2007 462.7 586 583 763  1091.6 1350 980 2428.0 
4/17/2007 616.4 786 776 875  1252.7 1540 1130 2807.6 
4/18/2007 534.1 678 673 882  1260.1 1560 1330 3306.4 
4/19/2007 421.0 531 530 798  1143.2 1410 1430 3550.0 
4/20/2007 331.3 415 417 728  1038.0 1290 1450 3594.6 
4/21/2007 246.5 306 310 663  946.6 1170 1410 3493.6 
4/22/2007 208.3 257 262 620  886.5 1100 1350 3336.1 
4/23/2007 181.1 223 228 582  831.7 1030 1270 3147.1 
4/24/2007 161.2 198 203 545  777.6 963 1180 2934.9 
4/25/2007 145.4 178 183 512  732.5 906 1100 2725.3 
4/26/2007 143.1 175 180 449  641.3 794 1030 2548.9 
4/27/2007 158.2 194 199 430  613.7 761 980 2434.8 
4/28/2007 191.0 236 241 488  697.2 863 936 2323.4 
4/29/2007 185.7 229 234 476  679.5 842 896 2219.4 
4/30/2007 164.0 202 207 448  639.8 793 868 2149.6 
5/1/2007 141.6 174 179 416  594.1 737 828 2048.2 
5/2/2007 129.3 157 163 393  562.4 697 784 1944.5 
5/3/2007 117.5 144 149 355  506.5 630 743 1839.2 
5/4/2007 103.9 126 131 329  469.7 584 699 1730.9 
5/5/2007 95.4 115 120 299  427.5 531 651 1614.8 
5/6/2007 89.3 107 112 287  410.3 510 603 1490.1 
5/7/2007 77.5 94 98 270  385.0 480 563 1393.1 
5/8/2007 63.8 77 81 246  350.7 438 527 1301.7 
5/9/2007 56.6 68 72 223  317.6 397 491 1208.9 
5/10/2007 51.2 61 64 209  298.8 374 455 1123.1 
5/11/2007 48.4 57 60 220  313.9 392 447 1100.0 
5/12/2007 52.0 62 66 213  304.1 380 442 1092.0 
5/13/2007 45.5 53 57 202  288.0 360 422 1046.3 
5/14/2007 40.5 47 50 197  280.6 352 402 1001.5 
5/15/2007 38.6 46 49 190  270.5 340 379 950.3 
5/16/2007 38.4 45 48 237  339.0 423 381 953.3 
5/17/2007 155.0 190 195 387  552.7 686 451 1114.3 
5/18/2007 176.0 217 222 480  685.2 849 511 1264.4 
5/19/2007 252.2 313 318 556  793.8 983 667 1651.7 
5/20/2007 247.7 308 312 564  805.4 996 784 1943.5 
5/21/2007 216.7 269 273 551  787.5 974 856 2122.6 
5/22/2007 150.2 184 189 481  686.9 851 888 2196.0 
5/23/2007 120.6 147 152 370  528.5 657 880 2183.7 
5/24/2007 98.2 119 123 246  351.4 438 844 2088.1 
5/25/2007 83.3 100 105 293  418.8 522 780 1932.4 
5/26/2007 79.1 95 100 329  469.9 584 715 1766.6 
5/27/2007 63.0 75 79 309  441.1 549 647 1601.1 
5/28/2007 52.5 63 67 293  418.3 520 595 1468.9 
5/29/2007 48.1 57 60 279  398.8 497 543 1341.2 
5/30/2007 42.1 50 53 273  389.6 486 503 1240.3 
5/31/2007 37.8 45 48 215  306.6 384 467 1145.8 
6/1/2007 38.2 45 48 134  191.0 241 434 1076.1 
6/2/2007 43.1 51 54 130  186.5 235 405 1006.9 
6/3/2007 39.1 46 49 122  173.6 220 369 928.2 
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6/4/2007 58.1 69 73 197  282.4 353 383 959.6 
6/5/2007 111.8 136 141 238  339.7 424 434 1075.2 
6/6/2007 102.2 124 129 242  346.3 432 455 1119.0 
6/7/2007 75.4 90 94 208  296.8 372 459 1127.5 
6/8/2007 60.0 72 76 175  250.2 314 438 1083.4 
6/9/2007 54.4 64 68 188  267.8 336 418 1039.0 
6/10/2007 96.9 117 122 248  354.5 442 414 1032.0 
6/11/2007 101.4 122 127 315  449.7 560 422 1047.9 
6/12/2007 77.7 94 98 298  425.3 529 426 1061.3 
6/13/2007 59.2 70 74 251  358.9 448 418 1032.9 
6/14/2007 59.7 72 76 241  343.9 429 396 986.0 
6/15/2007 48.3 57 60 258  368.6 460 376 942.1 
6/16/2007 37.2 44 47 199  284.0 356 358 901.6 
6/17/2007 31.1 36 39 141  200.9 253 336 853.3 
6/18/2007 27.1 32 34 114  163.3 207 308 790.5 
6/19/2007 25.2 29 32 150  214.3 269 280 726.8 
6/20/2007 25.9 30 33 69  99.3 128 253 667.7 
6/21/2007 24.3 28 30 59  84.1 110 231 616.2 
6/22/2007 28.2 33 35 91  130.1 166 209 563.0 
6/23/2007 25.4 29 32 154  220.0 277 191 514.1 
6/24/2007 23.0 27 29 137  195.6 247 181 486.7 
6/25/2007 21.0 24 26 134  192.4 242 173 464.5 
6/26/2007 18.3 21 23 132  188.0 238 164 439.5 
6/27/2007 24.8 29 32 105  150.5 191 158 419.4 
6/28/2007 20.1 23 25 34  48.6 67 151 402.1 
6/29/2007 14.7 17 19 41  58.4 78 135 356.5 
6/30/2007 12.0 14 15 104  148.6 190 114 298.7 
7/1/2007 10.5 13 14 104  147.7 188 106 276.0 
7/2/2007 9.4 11 12 102  146.4 186 107 278.1 
7/3/2007 8.5 9.6 11 100  143.0 182 105 272.0 
7/4/2007 7.9 8.9 10 92  131.9 169 105 270.4 
7/5/2007 7.9 8.9 10 98  140.3 178 123 324.5 
7/6/2007 8.5 9.6 11 99  140.7 180 127 333.8 
7/7/2007 8.0 9 10 92  132.3 169 123 324.5 
7/8/2007 7.7 8.7 9.7 102  144.8 185 121 318.4 
7/9/2007 14.7 17 19 183  262.1 328 125 328.5 
7/10/2007 18.8 22 24 236  336.5 421 137 364.4 
7/11/2007 26.6 32 34 195  278.1 348 150 400.0 
7/12/2007 20.0 23 25 90  128.9 165 160 428.3 
7/13/2007 13.3 15 16 27  39.3 54 160 428.1 
7/14/2007 10.4 11 13 18  25.1 37 143 379.7 
7/15/2007 9.1 10 11 15  21.5 33 124 324.9 
7/16/2007 8.8 10 11 13  19.1 30 108 281.6 
7/17/2007 9.3 11 12 13  19.0 30 86 220.2 
7/18/2007 8.0 9 10 43  61.1 81 68 169.6 
7/19/2007 7.6 8.6 9.6 138  196.8 249 66 165.2 
7/20/2007 7.8 8.8 9.8 125  177.9 225 91 234.9 
7/21/2007 7.4 8.3 9.3 116  165.3 209 101 262.6 
7/22/2007 7.2 8.1 9.1 116  164.7 209 104 269.3 
7/23/2007 7.0 7.9 8.8 116  165.4 209 103 266.5 
7/24/2007 7.2 8.1 9.1 113  162.4 206 105 272.3 
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7/25/2007 7.0 7.9 8.8 62  89.2 116 102 264.7 
7/26/2007 6.6 7.4 8.3 18  25.1 37 93 240.1 
7/27/2007 5.9 6.6 7.4 12  16.8 27 77 194.4 
7/28/2007 5.8 6.5 7.3 15  22.4 33 63 157.1 
7/29/2007 5.2 5.8 6.6 18  25.5 38 45 108.2 
7/30/2007 5.9 6.6 7.4 22  30.8 44 53 129.8 
7/31/2007 8.5 9.6 11 22  30.7 44 64 157.6 
8/1/2007 8.0 9 10 16  22.7 35 65 161.0 
8/2/2007 7.5 8.5 9.4 13  19.3 30 62 151.6 
8/3/2007 6.4 7.2 8.1 12  17.3 27 55 135.1 
8/4/2007 6.2 6.9 7.8 9.8  14.2 24 48 114.7 
8/5/2007 5.7 6.4 7.2 7.7  11.4 20 41 95.6 
8/6/2007 5.4 6 6.8 10  14.8 25 40 94.1 
8/7/2007 5.2 5.8 6.6 11  16.4 26 40 91.7 
8/8/2007 5.4 6 6.8 13  19.4 30 46 109.4 
8/9/2007 5.0 5.6 6.3 10  15.4 25 46 108.2 
8/10/2007 4.9 5.5 6.2 9.8  13.6 24 43 100.8 
8/11/2007 4.9 5.5 6.2 10  14.7 25 41 94.9 
8/12/2007 4.9 5.5 6.2 9.1  12.8 22 40 93.2 
8/13/2007 5.0 5.6 6.3 30  42.7 59 42 99.0 
8/14/2007 4.9 5.5 6.2 99  141.3 180 42 97.5 
8/15/2007 4.7 5.2 5.9 93  133.1 170 56 136.5 
8/16/2007 4.6 5.1 5.8 93  133.2 170 66 164.4 
8/17/2007 4.7 5.2 5.9 73  104.1 134 68 170.8 
8/18/2007 4.5 5 5.7 15  22.3 33 65 162.3 
8/19/2007 4.5 5 5.7 6.7  9.6 18 54 131.5 
8/20/2007 4.9 5.5 6.2 5.5  7.8 16 42 99.7 
8/21/2007 4.8 5.3 6 5.6  8.0 16 34 79.1 
8/22/2007 4.5 5 5.7 5.7  8.1 16 30 66.0 
8/23/2007 4.4 4.9 5.5 5.5  7.9 16 28 60.9 
8/24/2007 4.4 4.9 5.5 6  8.6 17 28 62.9 
8/25/2007 4.4 4.9 5.5 6.1  8.7 17 26 57.6 
8/26/2007 3.9 4.3 4.9 5.6  8.0 16 24 51.0 
8/27/2007 3.6 4 4.5 5  7.1 15 22 47.5 
8/28/2007 3.5 3.9 4.4 4.5  6.4 14 22 45.7 
8/29/2007 3.4 3.7 4.3 4.4  6.3 14 21 44.0 
8/30/2007 3.3 3.6 4.2 4.1  5.9 14 22 46.4 
8/31/2007 3.3 3.6 4.2 3.9  5.6 13 21 43.3 
9/1/2007 3.0 3.3 3.8 3.6  5.2 13 20 39.9 
9/2/2007 2.4 2.6 3 3.5  5.0 13 20 41.9 
9/3/2007 2.2 2.4 2.8 3.5  5.0 13 20 40.4 
9/4/2007 2.0 2.2 2.5 3.4  4.8 12 17 32.9 
9/5/2007 1.8 1.9 2.3 3.2  4.6 12 16 29.3 
9/6/2007 1.7 1.8 2.1 3.3  4.7 12 16 29.6 
9/7/2007 1.6 1.7 2 3.4  4.8 12 16 29.6 
9/8/2007 1.5 1.6 1.9 3.2  4.6 12 15 27.7 
9/9/2007 1.7 1.8 2.1 3.3  4.7 12 24 51.4 
9/10/2007 2.9 3.2 3.7 3.5  5.0 13 18 34.7 
9/11/2007 5.7 6.4 7.2 35  49.9 68 42 99.8 
9/12/2007 5.9 6.6 7.4 25  35.6 51 59 144.8 
9/13/2007 4.4 4.9 5.5 26  36.9 52 59 146.1 
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9/14/2007 4.7 5.2 5.9 69  99.3 128 56 136.1 
9/15/2007 4.8 5.3 6 22  31.1 44 60 146.3 
9/16/2007 4.4 4.9 5.5 10  14.6 25 58 141.7 
9/17/2007 4.4 4.9 5.5 16  22.6 35 46 111.2 
9/18/2007 4.3 4.8 5.4 61  87.2 113 40 91.9 
9/19/2007 4.1 4.5 5.2 52  75.3 99 47 111.4 
9/20/2007 3.8 4.2 4.8 13  18.2 28 50 120.6 
9/21/2007 3.5 3.9 4.4 7  10.2 19 43 102.0 
9/22/2007 3.3 3.6 4.2 6.2  8.9 17 37 84.7 
9/23/2007 3.3 3.6 4.2 6.1  8.7 17 31 70.4 
9/24/2007 3.1 3.4 3.9 5.2  7.5 16 28 62.8 
9/25/2007 2.9 3.2 3.7 4.8  6.9 15 27 60.1 
9/26/2007 2.9 3.2 3.7 4.7  6.7 15 26 58.1 
9/27/2007 2.7 3 3.4 4.5  6.4 14 26 55.2 
9/28/2007 2.7 3 3.4 5.2  7.5 16 24 53.0 
9/29/2007 2.6 2.8 3.3 4.9  7.0 15 23 47.9 
9/30/2007 2.2 2.4 2.8 4.2  6.0 14 22 44.6 
10/1/2007 2.4 2.6 3 4.1  5.9 35 67 39.8 
10/2/2007 2.0 2.2 2.5 4.1  5.8 35 67 39.2 
10/3/2007 1.8 1.9 2.3 4.2  6.0 35 67 39.8 
10/4/2007 1.8 1.9 2.3 4.3  6.2 35 67 39.8 
10/5/2007 1.5 1.6 1.9 4.3  6.1 35 67 39.0 
10/6/2007 1.5 1.6 1.9 4.4  6.3 35 67 38.5 
10/7/2007 1.4 1.5 1.8 4.5  6.4 35 67 38.4 
10/8/2007 1.9 2.1 2.4 11  15.7 45 71 50.0 
10/9/2007 1.8 1.9 2.3 7.7  11.0 40 70 47.3 
10/10/2007 1.5 1.6 1.9 6.1  8.7 38 70 48.1 
10/11/2007 1.4 1.5 1.8 6.2  8.9 38 70 49.3 
10/12/2007 1.9 2.1 2.4 13  17.9 48 74 60.1 
10/13/2007 1.8 1.9 2.3 9.1  13.4 42 79 73.6 
10/14/2007 1.6 1.7 2 5.2  7.5 36 80 79.4 
10/15/2007 1.4 1.5 1.8 4.6  6.6 35 79 76.4 
10/16/2007 1.4 1.5 1.8 4.3  6.1 35 77 68.4 
10/17/2007 1.3 1.4 1.6 4.1  5.9 35 75 64.1 
10/18/2007 1.3 1.4 1.6 4.1  5.9 35 74 59.4 
10/19/2007 1.1 1.2 1.4 9.8  13.6 43 76 64.5 
10/20/2007 6.4 7.2 8.1 39  55.8 88 99 134.4 
10/21/2007 6.3 7.1 7.9 14  19.9 50 98 132.3 
10/22/2007 6.1 6.8 7.7 9.8  14.2 43 102 143.9 
10/23/2007 6.2 6.9 7.8 9.8  14.2 43 100 137.8 
10/24/2007 5.0 5.6 6.3 10  15.4 44 96 124.5 
10/25/2007 4.8 5.3 6 9.1  13.1 42 93 116.5 
10/26/2007 4.6 5.1 5.8 8.4  11.8 41 84 90.3 
10/27/2007 5.8 6.5 7.3 18  25.5 55 83 86.4 
10/28/2007 8.4 9.5 11 16  22.7 53 91 109.9 
10/29/2007 8.4 9.5 11 10  15.2 44 91 109.9 
10/30/2007 8.7 9.8 11 9.8  14.5 43 90 106.9 
10/31/2007 9.4 11 12 11  15.5 45 88 101.6 
11/1/2007 6.6 7.4 8.3 11  16.4 45 87 99.9 
11/2/2007 6.2 6.9 7.8 57  80.9 114 85 92.8 
11/3/2007 6.8 7.6 8.6 200  285.9 331 100 136.9 
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11/4/2007 18.0 21 23 156  223.3 265 151 289.5 
11/5/2007 14.2 16 18 52  75.2 108 162 322.7 
11/6/2007 16.5 18 20 64  91.3 125 159 314.3 
11/7/2007 22.2 26 28 50  72.2 105 155 299.5 
11/8/2007 20.7 24 26 24  35.1 66 150 286.5 
11/9/2007 17.6 21 23 20  28.8 59 140 256.0 
11/10/2007 16.7 20 21 18  24.8 55 126 214.8 
11/11/2007 17.2 20 21 18  24.6 55 120 196.3 
11/12/2007 12.5 14 15 15  22.1 52 113 176.9 
11/13/2007 10.8 13 14 19  27.5 57 109 163.6 
11/14/2007 9.4 11 12 15  22.1 52 108 162.1 
11/15/2007 11.9 14 15 29  40.6 72 109 165.3 
11/16/2007 20.6 24 26 43  61.7 94 124 208.3 
11/17/2007 23.2 27 29 26  37.3 68 134 238.5 
11/18/2007 20.7 24 26 23  33.0 63 134 239.0 
11/19/2007 16.8 20 21 22  30.9 61 127 218.4 
11/20/2007 14.1 16 18 20  28.8 59 123 206.5 
11/21/2007 12.5 15 16 18  26.1 56 118 191.6 
11/22/2007 12.9 15 16 17  23.7 54 114 180.1 
11/23/2007 12.6 15 16 17  24.1 54 112 172.2 
11/24/2007 11.5 13 14 13  19.3 49 108 162.1 
11/25/2007 10.6 13 14 13  18.9 49 104 148.4 
11/26/2007 11.6 14 15 28  40.4 71 103 146.1 
11/27/2007 14.7 17 19 75  106.6 142 111 168.8 
11/28/2007 16.3 18 20 73  103.7 139 118 189.7 
11/29/2007 15.2 17 19 71  102.2 136 127 218.7 
11/30/2007 14.6 17 19 60  85.1 118 133 236.0 
12/1/2007 12.7 15 16 22  31.3 61 128 222.1 
12/2/2007 10.6 13 14 14  19.7 50 121 200.4 
12/3/2007 12.0 14 15 20  27.9 58 114 179.5 
12/4/2007 19.3 22 24 21  30.1 60 109 162.8 
12/5/2007 13.6 16 18 19  26.9 57 106 155.3 
12/6/2007 10.2 11 13 16  23.2 53 104 149.7 
12/7/2007 9.3 11 12 14  19.6 50 103 145.1 
12/8/2007 9.0 10 11 14  20.1 50 101 140.4 
12/9/2007 9.4 11 12 14  19.5 50 98 131.3 
12/10/2007 10.1 11 13 15  21.8 52 96 126.2 
12/11/2007 10.9 13 14 15  21.8 52 97 129.2 
12/12/2007 13.8 16 18 19  27.5 57 100 138.2 
12/13/2007 19.1 22 24 26  37.1 68 102 144.4 
12/14/2007 20.0 23 25 29  42.1 73 105 151.7 
12/15/2007 26.4 30 33 25  35.8 67 112 173.0 
12/16/2007 87.1 105 110 71  102.4 136 112 174.1 
12/17/2007 42.9 51 54 55  78.5 111 118 190.7 
12/18/2007 32.8 39 42 90  129.5 165 125 210.8 
12/19/2007 28.8 34 37 90  127.8 164 134 238.4 
12/20/2007 28.5 33 35 95  136.4 172 141 261.1 
12/21/2007 26.0 30 33 87  124.2 160 144 268.9 
12/22/2007 25.2 29 32 83  118.2 153 146 274.7 
12/23/2007 26.5 30 33 79  113.3 148 147 277.7 
12/24/2007 53.7 64 68 125  179.0 218 169 343.6 
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12/25/2007 49.6 59 63 108  154.3 192 186 394.9 
12/26/2007 47.1 56 59 100  143.2 180 196 424.1 
12/27/2007 57.6 69 73 130  185.2 224 202 442.3 
12/28/2007 56.1 67 71 130  185.8 225 212 469.5 
12/29/2007 58.7 70 74 136  194.5 235 224 507.7 
12/30/2007 57.4 68 72 134  192.0 232 230 524.5 
12/31/2007 56.4 67 71 148  211.4 252 235 539.8 
1/1/2008 53.1 63 67 139  198.8 239 237 545.8 
1/2/2008 47.9 57 60 129  183.5 223 236 543.5 
1/3/2008 70.3 84 88 108  154.6 193 232 529.9 
1/4/2008 57.8 69 73 99  142.1 179 222 502.5 
1/5/2008 32.4 38 40 94  135.3 171 202 441.5 
1/6/2008 29.4 34 37 92  130.7 167 195 420.6 
1/7/2008 29.9 35 38 92  131.2 167 189 403.6 
1/8/2008 35.9 42 45 98  139.9 177 192 411.9 
1/9/2008 65.9 79 83 128  182.7 222 213 473.5 
1/10/2008 80.0 96 101 152  217.1 258 246 572.6 
1/11/2008 132.6 162 168 244  348.0 397 307 753.5 
1/12/2008 155.3 190 195 295  421.0 474 374 955.7 
1/13/2008 132.4 161 166 255  363.7 414 399 1032.5 
1/14/2008 100.5 121 126 279  398.4 450 423 1095.5 
1/15/2008 87.8 106 111 330  471.9 528 433 1126.9 
1/16/2008 80.5 98 102 313  447.0 502 426 1114.9 
1/17/2008 69.4 83 87 214  306.0 352 409 1061.7 
1/18/2008 77.6 94 98 232  331.9 380 419 1085.1 
1/19/2008 81.5 98 102 183  262.5 306 416 1083.8 
1/20/2008 73.6 89 93 168  240.0 283 403 1038.7 
1/21/2008 64.3 77 81 148  212.4 253 377 964.3 
1/22/2008 51.9 62 66 136  194.6 235 353 891.9 
1/23/2008 48.8 58 62 125  179.1 218 333 833.3 
1/24/2008 45.2 53 57 79  113.1 148 313 771.5 
1/25/2008 40.7 48 52 77  109.7 145 285 689.3 
1/26/2008 36.8 44 47 96  136.7 174 264 627.5 
1/27/2008 36.1 42 45 95  135.7 172 245 570.3 
1/28/2008 35.4 41 44 86  122.6 159 223 503.7 
1/29/2008 34.5 40 43 90  128.2 164 223 503.4 
1/30/2008 39.9 47 50 86  123.2 159 219 491.7 
1/31/2008 43.2 51 54 65  93.1 127 215 479.9 
2/1/2008 63.5 75 79 107  152.7 190 225 509.2 
2/2/2008 162.0 201.0 204.0 251  358.2 408 313 771.8 
2/3/2008 146.0 181.0 184.0 212  302.9 349 359 909.2 
2/4/2008 107.9 131 136 235  336.0 384 403 1038.0 
2/5/2008 116.7 142 147 345  493.5 550 440 1153.9 
2/6/2008 167.7 207 212 412  588.9 652 500 1326.6 
2/7/2008 313.1 392 394 612  873.6 954 621 1690.1 
2/8/2008 289.0 358.0 364.0 556  794.8 870 694 1913.3 
2/9/2008 202.0 250.0 255.0 507  724.4 795 748 2069.4 
2/10/2008 188.4 232 237 470  671.9 740 775 2150.3 
2/11/2008 154.5 190 195 440  628.2 693 728 2010.2 
2/12/2008 139.0 170 175 443  633.3 699 711 1963.7 
2/13/2008 226.4 280 285 555  792.6 868 745 2057.2 
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2/14/2008 384.8 485 485 735  1050.4 1140 842 2354.8 
2/15/2008 372.7 469 470 672  960.1 1040 889 2486.3 
2/16/2008 292.8 366 369 628  896.7 978 912 2557.9 
2/17/2008 222.6 276 281 568  812.1 888 926 2604.5 
2/18/2008 343.6 432 433 670  957.1 1040 963 2708.1 
2/19/2008 427.5 539 538 742  1060.1 1150 1010 2864.4 
2/20/2008 343.5 432 433 694  992.0 1080 1050 2956.2 
2/21/2008 253.1 315 319 602  860.1 939 1040 2944.3 
2/22/2008 203.5 252 257 557  796.0 871 1010 2837.3 
2/23/2008 172.4 212 217 475  677.9 746 963 2705.5 
2/24/2008 170.9 210 215 428  611.6 676 902 2532.8 
2/25/2008 158.0 194 199 374  535.3 595 842 2346.7 
2/26/2008 150.5 184 189 326  465.3 521 785 2179.8 
2/27/2008 184.0 227 232 383  546.9 608 771 2139.5 
2/28/2008 172.0 212 217 415  592.7 656 738 2037.0 
2/29/2008 144.9 178 183 340  486.4 543 708 1951.1 
3/1/2008 133.2 162 168 379  541.3 601 688 1885.1 
3/2/2008 127.4 155 160 360  514.7 574 654 1791.9 
3/3/2008 121.6 149 154 336  480.0 537 627 1709.0 
3/4/2008 141.0 173 178 340  484.6 542 617 1680.0 
3/5/2008 257.9 321 325 495  707.5 777 698 1916.8 
3/6/2008 279.5 348 352 550  785.2 860 758 2099.5 
3/7/2008 230.0 285 290 573  819.3 896 808 2252.9 
3/8/2008 345.5 434 436 626  895.5 976 932 2618.0 
3/9/2008 507.4 643 639 791  1134.3 1230 1070 3024.6 
3/10/2008 397.1 500 500 728  1042.3 1130 1110 3164.8 
3/11/2008 292.0 365 368 654  934.6 1020 1140 3244.0 
3/12/2008 242.0 301 305 645  921.2 1000 1130 3205.8 
3/13/2008 211.4 261 266 628  896.6 978 1090 3090.4 
3/14/2008 188.1 232 237 588  840.2 918 1040 2938.0 
3/15/2008 182.8 226 231 584  833.7 912 996 2807.9 
3/16/2008 173.0 213 218 556  795.2 870 956 2691.3 
3/17/2008 157.6 194 199 503  718.1 789 912 2560.9 
3/18/2008 142.7 175 180 417  595.7 660 869 2432.3 
3/19/2008 140.0 171 176 376  536.8 597 825 2304.1 
3/20/2008 180.3 222 227 441  630.1 696 818 2280.9 
3/21/2008 177.4 218 223 421  602.3 666 795 2214.6 
3/22/2008 155.8 191 197 396  565.6 628 778 2162.0 
3/23/2008 135.3 165 170 371  529.5 590 751 2078.1 
3/24/2008 116.8 142 147 359  513.3 572 714 1965.1 
3/25/2008 91.7 111 116 386  551.6 613 674 1846.1 
3/26/2008 89.1 107 112 392  559.5 621 644 1762.5 
3/27/2008 86.8 105 110 344  492.3 549 614 1667.1 
3/28/2008 94.2 114 118 344  491.6 549 597 1622.3 
3/29/2008 95.8 116 121 344  490.8 548 587 1593.2 
3/30/2008 88.3 106 111 329  470.2 526 577 1558.4 
3/31/2008 84.1 101 106 325  463.8 520 560 1508.0 
4/1/2008 77.2 93.0 97 353  503.8 562.0 557.0 1497 
4/2/2008 90.2 109.0 113 388  554.3 615.0 550.0 1477 
4/3/2008 83.2 100.0 105 304  435.1 489.0 543.0 1457 
4/4/2008 94.3 114.0 118 386  550.8 612.0 550.0 1481 
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4/5/2008 110.7 135.0 140 421  601.8 666.0 567.0 1527 
4/6/2008 105.6 129.0 134 407  581.8 645.0 574.0 1552 
4/7/2008 91.4 110.0 115 369  526.5 586.0 580.0 1571 
4/8/2008 79.2 95.0 100 322  460.2 516.0 577.0 1556 
4/9/2008 72.3 86.0 91 340  485.0 542.0 560.0 1512 
4/10/2008 66.3 79.0 83 329  470.2 526.0 537.0 1443 
4/11/2008 61.0 73.0 77 317  452.9 508.0 513.0 1370 
4/12/2008 73.8 89.0 93 354  505.9 564.0 520.0 1391 
4/13/2008 95.3 115.0 120 379  541.9 602.0 517.0 1380 
4/14/2008 87.7 106.0 111 363  517.8 577.0 513.0 1367 
4/15/2008 74.4 89.0 93 344  492.3 549.0 513.0 1367 
4/16/2008 65.6 79.0 83 327  466.7 523.0 503.0 1340 
4/17/2008 59.6 72.0 76 314  447.9 503.0 486.0 1293 
4/18/2008 54.5 66.0 69 300  428.9 483.0 466.0 1229 
4/19/2008 48.7 58.0 62 289  413.2 466.0 446.0 1170 
4/20/2008 45.8 55.0 58 279  398.4 450.0 426.0 1106 
4/21/2008 42.2 50.0 53 274  391.5 442.0 406.0 1055 
4/22/2008 37.7 45.0 48 265  379.5 430.0 393.0 1010 
4/23/2008 36.4 42.0 45 261  373.1 423.0 380.0 974 
4/24/2008 38.4 45.0 48 256  365.6 416.0 362.0 920 
4/25/2008 37.3 44.0 47 242  344.5 394.0 351.0 887 
4/26/2008 29.4 34.0 37 221  315.9 363.0 335.0 839 
4/27/2008 25.6 30.0 33 215  307.1 354.0 322.0 799 
4/28/2008 32.2 38.0 40 251  359.2 409.0 321.0 797 
4/29/2008 106.1 129.0 134 380  542.9 603.0 396.0 1018 
4/30/2008 134.3 164.0 169 430  614.7 680.0 456.0 1198 
5/1/2008 101.9 124.0 129 409  584.0 647.0 503.0 1343 
5/2/2008 75.9 91.0 96 381  543.6 604.0 537.0 1437 
5/3/2008 67.7 82.0 86 362  516.6 576.0 543.0 1461 
5/4/2008 65.8 79.0 83 351  502.2 560.0 543.0 1464 
5/5/2008 64.8 78.0 82 309  441.8 496.0 537.0 1444 
5/6/2008 59.7 72.0 76 235  336.4 384.0 523.0 1404 
5/7/2008 54.0 64.0 68 121  173.3 212.0 503.0 1342 
5/8/2008 48.8 58.0 62 111  158.1 196.0 473.0 1249 
5/9/2008 43.8 52.0 55 121  172.6 212.0 429.0 1122 
5/10/2008 43.2 51.0 54 122  174.7 214.0 396.0 1018 
5/11/2008 40.0 47.0 50 113  162.2 200.0 369.0 941 
5/12/2008 37.9 45.0 48 98  140.1 177.0 341.0 856 
5/13/2008 35.0 41.0 44 71  101.0 135.0 318.0 788 
5/14/2008 31.8 38.0 40 71  100.7 135.0 303.0 744 
5/15/2008 29.8 35.0 38 83  118.8 154.0 280.0 675 
5/16/2008 33.5 40.0 43 83  119.4 154.0 263.0 624 
5/17/2008 46.7 56.0 59 104  148.7 186.0 263.0 624 
5/18/2008 43.6 52.0 55 96  137.2 174.0 260.0 616 
5/19/2008 35.8 42.0 45 89  127.2 163.0 258.0 608 
5/20/2008 32.3 38.0 40 88  126.1 162.0 247.0 575 
5/21/2008 32.9 39.0 42 85  122.0 158.0 233.0 534 
5/22/2008 39.2 46.0 49 83  118.7 154.0 224.0 507 
5/23/2008 41.1 48.0 52 77  109.7 145.0 219.0 491 
5/24/2008 38.8 46.0 49 73  104.1 139.0 209.0 462 
5/25/2008 38.0 45.0 48 69  97.6 132.0 200.0 435 
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5/26/2008 39.1 46.0 49 67  96.3 130.0 188.0 400 
5/27/2008 30.5 36.0 39 74  106.4 141.0 183.0 385 
5/28/2008 27.5 32.0 34 70  100.4 134.0 186.0 395 
5/29/2008 23.8 28.0 30 57  80.7 114.0 192.0 413 
5/30/2008 21.7 26.0 28 51  72.8 106.0 190.0 407 
5/31/2008 19.7 23.0 25 49  70.1 103.0 186.0 393 
6/1/2008 19.7 23.0 25 48  69.5 102.0 175.0 362 
6/2/2008 17.3 20.0 21 48  67.7 100.0 167.0 338 
6/3/2008 15.2 17.0 19 54  76.8 110.0 157.0 308 
6/4/2008 15.8 18.0 20 64  91.2 125.0 153.0 297 
6/5/2008 17.8 21.0 23 66  94.0 128.0 158.0 310 
6/6/2008 19.6 23.0 25 65  93.2 127.0 169.0 343 
6/7/2008 20.5 23.0 25 56  79.5 113.0 173.0 355 
6/8/2008 18.5 21.0 23 50  72.5 105.0 173.0 355 
6/9/2008 16.2 18.0 20 46  65.7 98.0 168.0 341 
6/10/2008 14.7 17.0 19 42  60.3 92.0 160.0 317 
6/11/2008 13.8 16.0 18 38  55.2 87.0 150.0 287 
6/12/2008 12.3 14.0 15 32  46.3 77.0 140.0 257 
6/13/2008 11.0 13.0 14 21  30.3 60.0 127.0 218 
6/14/2008 10.0 11.0 13 19  26.7 57.0 123.0 205 
6/15/2008 14.5 16.0 18 48  68.9 102.0 121.0 201 
6/16/2008 16.0 18.0 20 38  54.3 86.0 122.0 202 
6/17/2008 24.3 28.0 30 64  91.0 125.0 132.0 232 
6/18/2008 18.5 21.0 23 39  55.8 88.0 137.0 247 
6/19/2008 15.8 18.0 20 32  45.2 76.0 136.0 244 
6/20/2008 13.5 16.0 18 29  40.7 72.0 131.0 230 
6/21/2008 12.3 14.0 15 29  40.9 72.0 125.0 211 
6/22/2008 10.9 13.0 14 24  34.6 66.0 118.0 190 
6/23/2008 33.6 40.0 43 73  104.2 139.0 129.0 223 
6/24/2008 56.2 67.0 71 117  167.0 205.0 153.0 295 
6/25/2008 64.9 78.0 82 134  191.2 231.0 183.0 385 
6/26/2008 46.0 55.0 58 120  172.3 211.0 203.0 444 
6/27/2008 32.8 39.0 42 148  211.8 253.0 210.0 467 
6/28/2008 27.8 33.0 35 178  254.6 298.0 216.0 484 
6/29/2008 34.2 40.0 43 164  234.7 277.0 221.0 497 
6/30/2008 26.6 32.0 34 140  200.4 240.0 227.0 516 
7/1/2008 21.8 26.0 28 78  112.3 147.0 217.0 486 
7/2/2008 23.4 27.0 29 63  89.7 124.0 220.0 495 
7/3/2008 20.9 24.0 26 57  82.0 115.0 234.0 538 
7/4/2008 19.1 22.0 24 61  87.2 121.0 251.0 587 
7/5/2008 18.7 22.0 24 49  70.3 103.0 237.0 547 
7/6/2008 17.3 20.0 21 43  61.7 94.0 229.0 521 
7/7/2008 15.1 17.0 19 55  78.9 112.0 217.0 487 
7/8/2008 13.1 15.0 16 104  148.7 186.0 203.0 446 
7/9/2008 11.2 13.0 14 104  149.0 186.0 187.0 397 
7/10/2008 11.4 13.0 14 100  143.0 180.0 199.0 432 
7/11/2008 14.0 16.0 18 38  53.8 86.0 209.0 464 
7/12/2008 10.7 13.0 14 27  38.6 70.0 201.0 439 
7/13/2008 8.2 9.3 10 24  34.3 64.0 187.0 396 
7/14/2008 7.1 8.0 9 21  30.2 60.0 169.0 342 
7/15/2008 6.5 7.3 8 19  26.8 57.0 153.0 296 
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7/16/2008 6.0 6.7 8 17  24.3 54.0 140.0 256 
7/17/2008 5.2 5.8 7 15  22.2 52.0 127.0 219 
7/18/2008 4.8 5.3 6 14  20.4 50.0 117.0 189 
7/19/2008 3.9 4.3 5 14  19.7 50.0 110.0 167 
7/20/2008 3.8 4.2 5 13  17.7 48.0 108.0 160 
7/21/2008 7.2 8.1 9 61  87.5 121.0 131.0 230 
7/22/2008 5.3 5.9 7 24  35.0 66.0 156.0 304 
7/23/2008 10.6 13.0 14 55  78.6 112.0 168.0 340 
7/24/2008 82.6 100.0 105 251  358.2 408.0 301.0 736 
7/25/2008 93.2 112.0 117 370  528.0 588.0 393.0 1014 
7/26/2008 73.1 88.0 92 336  480.0 538.0 423.0 1099 
7/27/2008 55.3 66.0 69 302  431.0 485.0 463.0 1220 
7/28/2008 55.2 66.0 69 270  386.0 437.0 483.0 1277 
7/29/2008 46.1 55.0 58 201  286.6 332.0 466.0 1234 
7/30/2008 36.3 42.0 45 127  180.8 220.0 450.0 1176 
7/31/2008 29.4 34.0 37 111  158.4 196.0 419.0 1086 
8/1/2008 25.3 29.0 32 115  164.0 202.0 381.0 975 
8/2/2008 21.8 26.0 28 88  125.9 162.0 349.0 880 
8/3/2008 23.2 27.0 29 90  127.8 164.0 338.0 846 
8/4/2008 24.6 29.0 32 102  144.9 182.0 314.0 777 
8/5/2008 19.9 23.0 25 108  154.2 192.0 297.0 726 
8/6/2008 24.4 28.0 30 125  178.7 218.0 296.0 723 
8/7/2008 37.4 44.0 47 125  178.7 218.0 292.0 710 
8/8/2008 77.6 94.0 98 202  288.7 334.0 293.0 714 
8/9/2008 129.1 157.0 163 233  332.6 381.0 316.0 781 
8/10/2008 116.3 141.0 146 225  322.5 369.0 349.0 880 
8/11/2008 89.6 109.0 113 230  329.5 377.0 409.0 1057 
8/12/2008 68.9 83.0 87 217  309.7 357.0 453.0 1194 
8/13/2008 60.3 72.0 76 194  277.0 322.0 470.0 1240 
8/14/2008 54.4 64.0 68 176  251.9 295.0 460.0 1207 
8/15/2008 50.9 61.0 64 144  205.0 246.0 440.0 1154 
8/16/2008 54.8 66.0 69 105  149.6 187.0 436.0 1142 
8/17/2008 51.9 62.0 66 89  126.5 163.0 429.0 1120 
8/18/2008 45.5 53.0 57 96  137.0 174.0 409.0 1061 
8/19/2008 38.3 45.0 48 132  188.7 229.0 381.0 975 
8/20/2008 32.1 38.0 40 116  164.9 203.0 352.0 889 
8/21/2008 27.4 32.0 34 93  133.5 169.0 323.0 803 
8/22/2008 24.2 28.0 30 81  115.5 151.0 298.0 727 
8/23/2008 21.7 26.0 28 54  77.0 110.0 273.0 654 
8/24/2008 20.2 23.0 25 49  69.6 103.0 248.0 578 
8/25/2008 19.2 22.0 24 50  70.7 104.0 224.0 508 
8/26/2008 16.9 20.0 21 60  86.5 120.0 202.0 441 
8/27/2008 15.4 17.0 19 42  59.9 92.0 182.0 383 
8/28/2008 14.5 17.0 19 29  41.5 73.0 161.0 320 
8/29/2008 13.2 15.0 16 24  35.3 66.0 145.0 272 
8/30/2008 12.5 14.0 15 24  34.5 66.0 133.0 236 
8/31/2008 11.5 13.0 14 22  32.1 62.0 126.0 216 
9/1/2008 10.1 11.0 13 20  28.0 58.0 117.0 187 
9/2/2008 9.2 10.0 12 18  25.2 55.0 112.0 174 
9/3/2008 8.4 9.5 11 18  24.7 55.0 112.0 172 
9/4/2008 7.7 8.7 10 15  21.7 52.0 108.0 160 
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9/5/2008 8.1 9.1 10 14  20.0 50.0 102.0 143 
9/6/2008 18.9 22.0 24 48  68.0 100.0 113.0 175 
9/7/2008 181.9 224.0 229 371  530.4 590.0 409.0 1056 
9/8/2008 180.6 223.0 228 374  535.0 595.0 453.0 1190 
9/9/2008 129.5 159.0 164 372  532.4 592.0 530.0 1419 
9/10/2008 85.8 104.0 108 318  455.1 510.0 584.0 1578 
9/11/2008 64.6 78.0 82 274  391.6 444.0 584.0 1578 
9/12/2008 52.9 63.0 67 218  311.8 359.0 557.0 1500 
9/13/2008 49.0 58.0 62 150  214.4 255.0 517.0 1377 
9/14/2008 54.7 66.0 69 158  224.5 267.0 486.0 1290 
9/15/2008 54.7 66.0 69 134  192.0 232.0 453.0 1191 
9/16/2008 54.4 64.0 68 99  141.7 179.0 416.0 1079 
9/17/2008 48.6 58.0 62 85  120.8 157.0 383.0 982 
9/18/2008 42.1 50.0 53 59  83.7 117.0 347.0 875 
9/19/2008 37.6 45.0 48 49  70.4 103.0 323.0 803 
9/20/2008 33.2 39.0 42 44  62.7 95.0 286.0 692 
9/21/2008 29.5 35.0 38 40  56.5 89.0 257.0 605 
9/22/2008 26.9 32.0 34 36  50.7 82.0 234.0 538 
9/23/2008 25.0 29.0 32 38  55.2 87.0 216.0 484 
9/24/2008 22.8 27.0 29 64  90.7 125.0 202.0 441 
9/25/2008 22.1 26.0 28 76  109.4 144.0 180.0 375 
9/26/2008 45.5 53.0 57 186  265.5 310.0 197.0 428 
9/27/2008 76.2 91.0 96 300  429.4 483.0 294.0 717 
9/28/2008 117.6 144.0 149 377  537.7 598.0 403.0 1036 
9/29/2008 112.1 136.0 141 374  533.8 594.0 466.0 1234 
9/30/2008 88.4 106.0 111 318  454.7 510.0 503.0 1338 
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Date 1: 

Upstream 
2: Into Res 2 3: Res 2 to 

Res 1 
4: Res 3 to 

Res 1 
5: Saxonville 

Dam 
6: Rt 20 7 - 13: 

GMNWR 25 - 
31 

14: GMNWR 32 

10/1/2006 0.17 0.02 0.03 0.54 0.32 0.42 0.06 0.23 
10/2/2006 0.23 0.03 0.03 0.34 0.29 0.39 0.12 0.46 
10/3/2006 0.66 0.11 0.06 0.00 0.23 0.36 0.14 0.57 
10/4/2006 0.53 0.09 0.06 0.28 0.41 0.47 0.07 0.29 
10/5/2006 0.42 0.06 0.06 1.19 0.73 0.74 0.00 0.00 
10/6/2006 0.27 0.04 0.03 0.96 0.58 0.61 0.03 0.10 
10/7/2006 0.20 0.02 0.03 0.23 0.21 0.33 0.18 0.71 
10/8/2006 0.21 0.03 0.03 0.13 0.16 0.32 0.17 0.68 
10/9/2006 0.20 0.02 0.03 0.14 0.16 0.32 0.15 0.59 
10/10/2006 0.20 0.03 0.03 0.12 0.18 0.30 0.13 0.51 
10/11/2006 0.18 0.02 0.03 0.14 0.18 0.30 0.12 0.50 
10/12/2006 0.97 0.16 0.08 1.98 1.39 1.24 0.00 0.00 
10/13/2006 1.12 0.21 0.08 0.20 0.71 0.70 0.39 1.56 
10/14/2006 1.06 0.18 0.08 0.00 0.54 0.60 0.50 2.00 
10/15/2006 0.68 0.11 0.06 0.17 0.43 0.51 0.51 2.04 
10/16/2006 0.48 0.08 0.03 0.57 0.47 0.58 0.40 1.61 
10/17/2006 0.45 0.06 0.06 1.59 0.92 0.86 0.15 0.59 
10/18/2006 0.38 0.04 0.03 1.76 0.92 0.92 0.11 0.44 
10/19/2006 0.39 0.06 0.06 1.36 0.83 0.79 0.15 0.60 
10/20/2006 0.37 0.06 0.03 1.42 0.81 0.80 0.17 0.68 
10/21/2006 0.62 0.12 0.06 0.45 0.53 0.60 0.32 1.29 
10/22/2006 0.64 0.12 0.06 0.08 0.41 0.47 0.36 1.44 
10/23/2006 0.58 0.07 0.06 0.42 0.48 0.53 0.30 1.20 
10/24/2006 0.53 0.10 0.06 1.19 0.83 0.78 0.13 0.53 
10/25/2006 0.51 0.09 0.06 1.19 0.80 0.78 0.11 0.44 
10/26/2006 0.65 0.11 0.06 1.02 0.79 0.79 0.08 0.31 
10/27/2006 0.94 0.16 0.08 0.79 0.84 0.83 0.05 0.18 
10/28/2006 1.69 0.35 0.11 2.69 2.07 1.75 0.00 0.00 
10/29/2006 3.12 0.67 0.14 1.36 2.27 1.92 0.00 0.00 
10/30/2006 2.68 0.58 0.14 1.05 1.91 1.63 0.11 0.44 
10/31/2006 2.15 0.43 0.14 1.61 1.87 1.61 0.19 0.77 
11/1/2006 1.56 0.31 0.08 1.98 1.69 1.49 0.27 1.10 
11/2/2006 1.26 0.22 0.08 1.50 1.29 1.20 0.39 1.57 
11/3/2006 1.09 0.21 0.08 0.25 0.71 0.70 0.59 2.37 
11/4/2006 0.93 0.17 0.08 0.17 0.58 0.61 0.59 2.34 
11/5/2006 0.81 0.15 0.08 0.17 0.52 0.56 0.54 2.17 
11/6/2006 0.73 0.12 0.08 0.20 0.49 0.53 0.48 1.90 
11/7/2006 0.69 0.10 0.06 0.23 0.49 0.53 0.42 1.66 
11/8/2006 0.80 0.13 0.06 1.67 1.14 1.04 0.12 0.50 
11/9/2006 1.87 0.36 0.11 3.77 2.60 2.18 0.00 0.00 
11/10/2006 2.03 0.41 0.14 1.81 1.87 1.61 0.15 0.60 
11/11/2006 1.94 0.41 0.11 0.00 1.05 0.99 0.57 2.27 
11/12/2006 1.49 0.30 0.11 0.51 1.04 0.97 0.59 2.34 
11/13/2006 1.60 0.30 0.11 0.59 1.14 1.04 0.55 2.22 
11/14/2006 2.50 0.51 0.14 3.88 3.02 2.48 0.00 0.00 
11/15/2006 2.72 0.56 0.14 3.40 2.92 2.40 0.04 0.15 
11/16/2006 2.50 0.50 0.14 3.14 2.68 2.24 0.20 0.80 
11/17/2006 3.66 0.79 0.17 4.95 4.10 3.32 0.00 0.00 
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11/18/2006 4.22 0.96 0.14 3.96 3.99 3.23 0.00 0.00 
11/19/2006 3.50 0.77 0.14 3.94 3.57 2.91 0.13 0.53 
11/20/2006 2.59 0.53 0.14 4.11 3.16 2.61 0.33 1.30 
11/21/2006 2.10 0.42 0.11 3.57 2.67 2.20 0.49 1.95 
11/22/2006 1.86 0.37 0.11 4.11 2.75 2.29 0.39 1.55 
11/23/2006 1.76 0.33 0.11 5.21 3.17 2.61 0.18 0.74 
11/24/2006 4.49 1.01 0.14 3.60 3.97 3.19 0.05 0.18 
11/25/2006 4.93 1.13 0.14 3.17 4.02 3.26 0.10 0.40 
11/26/2006 4.12 0.95 0.14 3.40 3.72 2.99 0.31 1.25 
11/27/2006 3.29 0.70 0.14 3.51 3.28 2.69 0.49 1.97 
11/28/2006 2.89 0.63 0.14 3.85 3.24 2.62 0.45 1.80 
11/29/2006 2.67 0.56 0.11 2.01 2.30 1.92 0.75 3.00 
11/30/2006 2.57 0.54 0.14 0.93 1.78 1.56 0.87 3.50 
12/1/2006 2.52 0.51 0.14 1.02 1.82 1.55 0.78 3.13 
12/2/2006 2.95 0.61 0.14 1.22 2.13 1.81 0.61 2.42 
12/3/2006 3.07 0.64 0.14 0.45 1.83 1.60 0.67 2.70 
12/4/2006 2.85 0.60 0.14 0.96 1.97 1.66 0.58 2.33 
12/5/2006 2.51 0.52 0.14 2.27 2.33 1.94 0.36 1.45 
12/6/2006 2.38 0.48 0.14 2.15 2.21 1.86 0.34 1.37 
12/7/2006 2.30 0.48 0.11 2.29 2.24 1.87 0.28 1.11 
12/8/2006 2.16 0.42 0.14 2.21 2.12 1.81 0.26 1.04 
12/9/2006 2.03 0.41 0.14 1.50 1.75 1.54 0.36 1.44 
12/10/2006 2.05 0.44 0.11 1.39 1.71 1.46 0.33 1.33 
12/11/2006 1.96 0.39 0.11 0.93 1.43 1.32 0.39 1.54 
12/12/2006 1.87 0.37 0.11 0.03 1.01 0.97 0.52 2.07 
12/13/2006 1.83 0.38 0.11 0.00 1.00 0.93 0.49 1.95 
12/14/2006 1.92 0.41 0.11 0.00 1.01 0.98 0.44 1.76 
12/15/2006 1.54 0.28 0.11 0.28 0.95 0.89 0.43 1.73 
12/16/2006 1.39 0.25 0.11 0.28 0.87 0.86 0.42 1.69 
12/17/2006 1.33 0.26 0.08 0.28 0.81 0.83 0.40 1.62 
12/18/2006 1.30 0.26 0.08 0.28 0.81 0.83 0.37 1.46 
12/19/2006 1.27 0.23 0.11 0.25 0.79 0.80 0.33 1.33 
12/20/2006 1.25 0.22 0.08 0.25 0.77 0.76 0.31 1.23 
12/21/2006 1.26 0.22 0.08 0.25 0.77 0.76 0.28 1.12 
12/22/2006 1.22 0.23 0.08 0.59 0.89 0.89 0.19 0.76 
12/23/2006 1.71 0.35 0.11 2.15 1.83 1.60 0.00 0.00 
12/24/2006 2.21 0.45 0.11 1.42 1.79 1.55 0.01 0.03 
12/25/2006 2.15 0.43 0.14 1.13 1.66 1.45 0.13 0.52 
12/26/2006 2.26 0.46 0.14 2.27 2.19 1.86 0.01 0.05 
12/27/2006 2.25 0.46 0.14 2.55 2.33 1.95 0.00 0.00 
12/28/2006 2.10 0.42 0.11 2.49 2.19 1.86 0.08 0.33 
12/29/2006 1.80 0.38 0.11 1.64 1.69 1.48 0.28 1.13 
12/30/2006 1.60 0.32 0.11 0.25 0.99 0.93 0.55 2.20 
12/31/2006 1.50 0.29 0.11 0.25 0.91 0.88 0.53 2.13 

1/1/2007 1.83 0.38 0.11 0.82 1.35 1.22 0.37 1.49 
1/2/2007 2.80 0.60 0.14 1.05 1.95 1.67 0.19 0.77 
1/3/2007 2.85 0.60 0.14 2.77 2.71 2.27 0.00 0.00 
1/4/2007 2.41 0.50 0.11 3.88 2.97 2.43 0.00 0.00 
1/5/2007 2.05 0.39 0.14 2.35 2.11 1.82 0.23 0.94 
1/6/2007 1.93 0.39 0.11 0.37 1.18 1.12 0.62 2.47 
1/7/2007 1.80 0.33 0.11 0.31 1.10 1.02 0.62 2.48 
1/8/2007 2.07 0.42 0.11 1.39 1.70 1.47 0.41 1.63 
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1/9/2007 2.74 0.57 0.14 1.78 2.24 1.90 0.22 0.89 
1/10/2007 2.68 0.57 0.14 2.18 2.38 2.01 0.18 0.70 
1/11/2007 2.19 0.44 0.11 2.69 2.32 1.95 0.21 0.85 
1/12/2007 1.98 0.40 0.11 2.38 2.10 1.78 0.30 1.19 
1/13/2007 1.91 0.36 0.11 0.40 1.19 1.07 0.63 2.50 
1/14/2007 1.84 0.37 0.11 0.34 1.13 1.05 0.60 2.41 
1/15/2007 2.27 0.45 0.14 0.93 1.65 1.40 0.43 1.72 
1/16/2007 2.90 0.61 0.14 1.93 2.39 2.00 0.15 0.60 
1/17/2007 2.71 0.58 0.14 4.33 3.34 2.72 0.00 0.00 
1/18/2007 2.14 0.43 0.14 3.62 2.72 2.27 0.03 0.11 
1/19/2007 2.01 0.40 0.11 0.68 1.39 4.98 0.20 0.82 
1/20/2007 2.01 0.40 0.11 0.08 1.10 4.82 0.28 1.11 
1/21/2007 1.68 0.30 0.11 0.34 1.06 4.01 0.29 1.14 
1/22/2007 1.69 0.35 0.11 0.62 1.19 2.83 0.30 1.19 
1/23/2007 1.60 0.32 0.11 1.36 1.46 1.31 0.31 1.26 
1/24/2007 1.55 0.32 0.08 2.38 1.83 1.59 0.12 0.46 
1/25/2007 1.50 0.28 0.11 2.86 2.05 1.72 0.01 0.02 
1/26/2007 1.34 0.24 0.08 2.12 1.63 1.42 0.12 0.48 
1/27/2007 1.22 0.22 0.08 0.54 0.86 0.86 0.37 1.48 
1/28/2007 1.19 0.23 0.08 0.51 0.85 0.85 0.34 1.35 
1/29/2007 1.24 0.23 0.08 0.40 0.86 0.81 0.31 1.22 
1/30/2007 1.19 0.23 0.08 0.40 0.83 0.78 0.27 1.09 
1/31/2007 1.14 0.19 0.08 0.48 0.83 0.79 0.24 0.95 
2/1/2007 1.10 0.20 0.08 0.42 0.79 0.76 0.21 0.84 
2/2/2007 1.09 0.21 0.08 0.42 0.79 0.77 0.18 0.71 
2/3/2007 0.97 0.17 0.08 0.65 0.82 0.79 0.16 0.62 
2/4/2007 0.92 0.16 0.06 0.62 0.74 0.77 0.16 0.63 
2/5/2007 0.88 0.14 0.08 0.54 0.71 0.70 0.15 0.61 
2/6/2007 0.79 0.14 0.06 1.36 0.98 0.94 0.01 0.03 
2/7/2007 0.72 0.10 0.08 3.00 1.66 1.48 0.00 0.00 
2/8/2007 0.67 0.12 0.06 2.66 1.49 1.34 0.00 0.00 
2/9/2007 0.64 0.10 0.06 1.76 1.06 1.03 0.02 0.07 

2/10/2007 0.61 0.12 0.06 0.62 0.62 0.66 0.20 0.78 
2/11/2007 0.60 0.07 0.06 0.59 0.57 0.62 0.17 0.69 
2/12/2007 0.60 0.08 0.06 0.59 0.56 0.63 0.14 0.55 
2/13/2007 0.60 0.08 0.06 0.57 0.56 0.63 0.12 0.49 
2/14/2007 1.16 0.20 0.11 0.28 0.74 0.11 0.08 0.33 
2/15/2007 2.19 0.45 0.11 0.00 0.95 0.92 0.00 0.00 
2/16/2007 1.55 0.31 0.08 1.50 1.51 1.32 0.00 0.00 
2/17/2007 1.04 0.21 0.08 3.65 2.14 1.82 0.00 0.00 
2/18/2007 0.86 0.16 0.08 3.43 1.93 1.66 0.00 0.00 
2/19/2007 0.84 0.15 0.08 2.60 1.57 1.38 0.00 0.00 
2/20/2007 0.75 0.16 0.06 2.18 1.36 1.21 0.00 0.00 
2/21/2007 0.65 0.12 0.06 1.78 1.11 1.02 0.00 0.00 
2/22/2007 0.65 0.11 0.06 1.39 0.93 0.91 0.00 0.01 
2/23/2007 0.67 0.13 0.06 1.10 0.86 0.81 0.04 0.16 
2/24/2007 0.68 0.11 0.06 1.10 0.82 0.82 0.04 0.16 
2/25/2007 0.67 0.12 0.06 1.90 1.18 1.09 0.00 0.00 
2/26/2007 0.67 0.12 0.06 2.49 1.42 1.27 0.00 0.00 
2/27/2007 0.66 0.11 0.06 1.59 1.01 0.97 0.00 0.00 
2/28/2007 0.66 0.10 0.06 1.02 0.78 0.80 0.07 0.28 
3/1/2007 0.68 0.11 0.06 1.78 1.12 0.86 0.00 0.00 
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3/2/2007 2.07 0.42 0.11 5.86 3.63 2.94 0.00 0.00 
3/3/2007 4.30 0.97 0.17 4.90 4.42 3.56 0.00 0.00 
3/4/2007 4.72 1.08 0.14 4.22 4.36 3.51 0.00 0.00 
3/5/2007 3.24 0.72 0.14 4.67 3.76 3.06 0.00 0.00 
3/6/2007 2.46 0.51 0.14 3.94 3.03 2.49 0.22 0.89 
3/7/2007 1.90 0.37 0.11 3.20 2.42 2.00 0.41 1.65 
3/8/2007 1.55 0.32 0.08 2.01 1.71 1.46 0.61 2.43 
3/9/2007 1.37 0.24 0.08 0.65 1.03 0.95 0.78 3.14 

3/10/2007 1.27 0.23 0.11 0.68 0.98 0.95 0.68 2.72 
3/11/2007 2.05 0.39 0.14 1.10 1.59 1.38 0.46 1.85 
3/12/2007 2.88 0.63 0.14 1.16 2.08 1.74 0.29 1.14 
3/13/2007 2.90 0.62 0.14 2.80 2.76 2.30 0.03 0.12 
3/14/2007 3.14 0.68 0.14 3.34 3.14 2.58 0.00 0.00 
3/15/2007 3.52 0.75 0.14 4.53 3.83 3.11 0.00 0.00 
3/16/2007 3.25 0.72 0.14 4.78 3.79 3.09 0.00 0.00 
3/17/2007 2.38 0.48 0.14 6.80 4.18 3.41 0.00 0.00 
3/18/2007 2.20 0.46 0.11 4.98 3.30 2.73 0.10 0.41 
3/19/2007 2.36 0.47 0.14 1.56 1.95 1.67 0.64 2.57 
3/20/2007 2.41 0.51 0.11 1.47 1.92 1.65 0.59 2.38 
3/21/2007 2.52 0.51 0.14 1.22 1.89 1.62 0.54 2.17 
3/22/2007 2.48 0.52 0.14 2.01 2.22 1.86 0.40 1.60 
3/23/2007 4.13 0.94 0.14 3.28 3.63 2.97 0.00 0.00 
3/24/2007 4.77 1.09 0.14 3.82 4.21 3.40 0.00 0.00 
3/25/2007 5.61 1.33 0.11 3.82 4.66 3.75 0.00 0.00 
3/26/2007 5.89 1.39 0.14 4.05 4.91 3.93 0.00 0.00 
3/27/2007 5.89 1.38 0.14 5.21 5.41 4.33 0.00 0.00 
3/28/2007 6.12 1.44 0.14 4.93 5.40 4.34 0.00 0.00 
3/29/2007 5.46 1.28 0.14 5.04 5.12 4.11 0.00 0.00 
3/30/2007 4.59 1.05 0.14 4.30 4.33 3.49 0.30 1.21 
3/31/2007 4.02 0.91 0.14 1.56 2.84 2.34 0.88 3.51 
4/1/2007 3.61 0.80 0.14 1.19 2.47 2.06 0.94 3.76 
4/2/2007 3.90 0.88 0.14 2.43 3.18 2.60 0.55 2.21 
4/3/2007 4.16 0.94 0.14 4.45 4.17 3.36 0.05 0.22 
4/4/2007 3.92 0.89 0.14 5.41 4.44 3.57 0.00 0.00 
4/5/2007 5.95 1.41 0.14 6.06 5.81 4.61 0.00 0.00 
4/6/2007 6.70 1.62 0.14 4.47 5.55 4.42 0.00 0.00 
4/7/2007 5.60 1.34 0.11 4.39 4.91 3.92 0.15 0.59 
4/8/2007 4.45 1.02 0.14 4.67 4.38 3.55 0.37 1.46 
4/9/2007 3.77 0.81 0.17 4.25 3.86 3.14 0.52 2.06 

4/10/2007 3.37 0.73 0.14 3.60 3.36 2.76 0.61 2.42 
4/11/2007 3.11 0.69 0.14 2.43 2.75 2.26 0.75 3.00 
4/12/2007 2.97 0.62 0.14 2.58 2.73 2.25 0.67 2.67 
4/13/2007 4.78 1.10 0.14 3.51 4.07 3.31 0.14 0.55 
4/14/2007 5.32 1.24 0.14 3.31 4.26 3.46 0.07 0.27 
4/15/2007 4.60 1.06 0.14 5.12 4.68 3.75 0.02 0.08 
4/16/2007 13.10 3.49 0.00 5.10 9.30 7.32 0.00 0.00 
4/17/2007 17.45 4.80 0.00 2.80 10.69 8.13 0.00 0.00 
4/18/2007 15.12 4.07 0.00 5.92 10.71 8.49 0.00 0.00 
4/19/2007 11.92 3.11 0.00 7.59 9.77 7.55 0.06 0.23 
4/20/2007 9.38 2.37 0.06 8.81 8.78 7.13 0.45 1.81 
4/21/2007 6.98 1.68 0.11 9.99 8.03 6.33 0.68 2.72 
4/22/2007 5.90 1.38 0.14 10.14 7.54 6.05 0.71 2.83 
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4/23/2007 5.13 1.19 0.14 10.02 7.07 5.61 0.68 2.72 
4/24/2007 4.57 1.04 0.14 9.68 6.58 5.25 0.61 2.46 
4/25/2007 4.12 0.92 0.14 9.31 6.24 4.91 0.55 2.20 
4/26/2007 4.05 0.90 0.14 7.62 5.44 4.32 0.67 2.67 
4/27/2007 4.48 1.01 0.14 6.54 5.20 4.17 0.62 2.48 
4/28/2007 5.41 1.27 0.14 6.99 5.92 4.70 0.21 0.83 
4/29/2007 5.26 1.23 0.14 6.85 5.76 4.60 0.15 0.61 
4/30/2007 4.64 1.08 0.14 6.82 5.43 4.34 0.21 0.85 
5/1/2007 4.01 0.92 0.14 6.71 5.04 4.05 0.26 1.03 
5/2/2007 3.66 0.79 0.17 6.51 4.80 3.81 0.25 0.99 
5/3/2007 3.33 0.75 0.14 5.83 4.29 3.50 0.32 1.28 
5/4/2007 2.94 0.63 0.14 5.61 3.98 3.24 0.33 1.30 
5/5/2007 2.70 0.56 0.14 5.07 3.64 2.93 0.34 1.36 
5/6/2007 2.53 0.50 0.14 4.95 3.49 2.82 0.26 1.05 
5/7/2007 2.19 0.47 0.11 4.87 3.26 2.69 0.23 0.94 
5/8/2007 1.81 0.37 0.11 4.67 2.97 2.47 0.25 1.01 
5/9/2007 1.60 0.32 0.11 4.28 2.68 2.25 0.27 1.06 

5/10/2007 1.45 0.28 0.08 4.11 2.54 2.13 0.23 0.92 
5/11/2007 1.37 0.24 0.08 4.53 2.66 2.21 0.16 0.62 
5/12/2007 1.47 0.28 0.11 4.16 2.58 2.15 0.18 0.70 
5/13/2007 1.29 0.21 0.11 4.11 2.44 2.04 0.18 0.70 
5/14/2007 1.15 0.18 0.08 4.16 2.37 2.02 0.14 0.57 
5/15/2007 1.09 0.21 0.08 3.99 2.28 1.97 0.11 0.44 
5/16/2007 1.09 0.19 0.08 5.35 2.89 2.38 0.00 0.00 
5/17/2007 4.39 0.99 0.14 5.44 4.69 3.77 0.00 0.00 
5/18/2007 4.98 1.16 0.14 7.30 5.81 4.64 0.00 0.00 
5/19/2007 7.14 1.72 0.14 6.74 6.73 5.36 0.00 0.00 
5/20/2007 7.01 1.71 0.11 7.13 6.84 5.40 0.00 0.00 
5/21/2007 6.13 1.48 0.11 7.87 6.70 5.28 0.00 0.00 
5/22/2007 4.25 0.96 0.14 8.27 5.83 4.65 0.10 0.42 
5/23/2007 3.41 0.75 0.14 6.17 4.49 3.64 0.63 2.53 
5/24/2007 2.78 0.59 0.11 3.48 2.98 2.45 1.15 4.60 
5/25/2007 2.36 0.47 0.14 5.32 3.56 2.92 0.73 2.92 
5/26/2007 2.24 0.45 0.14 6.48 3.99 3.23 0.37 1.48 
5/27/2007 1.78 0.34 0.11 6.51 3.74 3.05 0.28 1.11 
5/28/2007 1.49 0.30 0.11 6.40 3.55 2.88 0.21 0.85 
5/29/2007 1.36 0.25 0.08 6.20 3.39 2.78 0.13 0.52 
5/30/2007 1.19 0.22 0.08 6.23 3.30 2.73 0.05 0.19 
5/31/2007 1.07 0.20 0.08 4.73 2.59 2.19 0.23 0.94 
6/1/2007 1.08 0.19 0.08 2.43 1.61 1.41 0.55 2.19 
6/2/2007 1.22 0.22 0.08 2.15 1.60 1.37 0.48 1.93 
6/3/2007 1.11 0.20 0.08 2.07 1.46 1.31 0.42 1.69 
6/4/2007 1.65 0.31 0.11 3.51 2.42 2.00 0.08 0.34 
6/5/2007 3.17 0.68 0.14 2.75 2.88 2.39 0.03 0.11 
6/6/2007 2.89 0.62 0.14 3.20 2.95 2.43 0.07 0.26 
6/7/2007 2.13 0.41 0.11 3.23 2.51 2.13 0.25 0.99 
6/8/2007 1.70 0.34 0.11 2.80 2.13 1.81 0.35 1.40 
6/9/2007 1.54 0.27 0.11 3.40 2.26 1.93 0.23 0.93 

6/10/2007 2.74 0.57 0.14 3.57 3.02 2.48 0.00 0.00 
6/11/2007 2.87 0.58 0.14 5.32 3.81 3.12 0.00 0.00 
6/12/2007 2.20 0.46 0.11 5.66 3.60 2.94 0.00 0.00 
6/13/2007 1.68 0.30 0.11 5.01 3.06 2.52 0.00 0.00 
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6/14/2007 1.69 0.35 0.11 4.67 2.91 2.41 0.00 0.00 
6/15/2007 1.37 0.25 0.08 5.61 3.13 2.59 0.00 0.00 
6/16/2007 1.05 0.19 0.08 4.30 2.41 2.04 0.01 0.02 
6/17/2007 0.88 0.14 0.08 2.89 1.69 1.48 0.23 0.94 
6/18/2007 0.77 0.14 0.06 2.27 1.39 1.24 0.29 1.14 
6/19/2007 0.71 0.11 0.08 3.34 1.82 1.55 0.03 0.12 
6/20/2007 0.73 0.12 0.08 1.02 0.86 0.81 0.35 1.42 
6/21/2007 0.69 0.10 0.06 0.82 0.71 0.73 0.34 1.37 
6/22/2007 0.80 0.14 0.06 1.59 1.11 1.02 0.12 0.49 
6/23/2007 0.72 0.10 0.08 3.45 1.87 1.61 0.00 0.00 
6/24/2007 0.65 0.11 0.06 3.06 1.66 1.46 0.00 0.00 
6/25/2007 0.59 0.09 0.06 3.06 1.65 1.40 0.00 0.00 
6/26/2007 0.52 0.08 0.06 3.09 1.58 1.42 0.00 0.00 
6/27/2007 0.70 0.12 0.08 2.07 1.29 1.15 0.00 0.00 
6/28/2007 0.57 0.08 0.06 0.25 0.41 0.52 0.24 0.95 
6/29/2007 0.42 0.07 0.06 0.62 0.49 0.56 0.16 0.65 
6/30/2007 0.34 0.06 0.03 2.52 1.26 1.17 0.00 0.00 
7/1/2007 0.30 0.07 0.03 2.55 1.24 1.14 0.00 0.00 
7/2/2007 0.27 0.04 0.03 2.55 1.26 1.12 0.00 0.00 
7/3/2007 0.24 0.03 0.04 2.52 1.22 1.10 0.00 0.00 
7/4/2007 0.22 0.03 0.03 2.32 1.13 1.05 0.00 0.00 
7/5/2007 0.22 0.03 0.03 2.49 1.20 1.07 0.00 0.00 
7/6/2007 0.24 0.03 0.04 2.49 1.18 1.11 0.00 0.00 
7/7/2007 0.23 0.03 0.03 2.32 1.14 1.04 0.00 0.00 
7/8/2007 0.22 0.03 0.03 2.61 1.21 1.14 0.00 0.00 
7/9/2007 0.42 0.06 0.06 4.64 2.24 1.86 0.00 0.00 

7/10/2007 0.53 0.09 0.06 6.00 2.85 2.39 0.00 0.00 
7/11/2007 0.75 0.15 0.06 4.56 2.35 1.98 0.00 0.00 
7/12/2007 0.57 0.08 0.06 1.84 1.10 1.02 0.00 0.00 
7/13/2007 0.38 0.05 0.03 0.31 0.35 0.42 0.30 1.20 
7/14/2007 0.29 0.02 0.06 0.14 0.20 0.34 0.30 1.20 
7/15/2007 0.26 0.02 0.03 0.11 0.18 0.33 0.26 1.03 
7/16/2007 0.25 0.03 0.03 0.06 0.17 0.31 0.22 0.88 
7/17/2007 0.26 0.05 0.03 0.03 0.17 0.31 0.16 0.63 
7/18/2007 0.23 0.03 0.03 0.93 0.51 0.56 0.00 0.00 
7/19/2007 0.21 0.03 0.03 3.64 1.67 1.48 0.00 0.00 
7/20/2007 0.22 0.03 0.03 3.26 1.50 1.33 0.00 0.00 
7/21/2007 0.21 0.03 0.03 3.02 1.40 1.24 0.00 0.00 
7/22/2007 0.20 0.03 0.03 3.03 1.38 1.25 0.00 0.00 
7/23/2007 0.20 0.02 0.03 3.04 1.40 1.23 0.00 0.00 
7/24/2007 0.20 0.03 0.03 2.94 1.40 1.24 0.00 0.00 
7/25/2007 0.20 0.03 0.03 1.51 0.77 0.76 0.00 0.00 
7/26/2007 0.19 0.02 0.03 0.27 0.20 0.34 0.16 0.63 
7/27/2007 0.17 0.02 0.02 0.13 0.13 0.29 0.14 0.57 
7/28/2007 0.16 0.02 0.02 0.22 0.21 0.30 0.08 0.34 
7/29/2007 0.15 0.02 0.02 0.32 0.21 0.35 0.02 0.08 
7/30/2007 0.17 0.02 0.02 0.41 0.25 0.37 0.03 0.10 
7/31/2007 0.24 0.03 0.04 0.31 0.25 0.38 0.06 0.23 
8/1/2007 0.23 0.03 0.03 0.17 0.19 0.35 0.08 0.34 
8/2/2007 0.21 0.03 0.03 0.10 0.18 0.30 0.09 0.36 
8/3/2007 0.18 0.02 0.03 0.11 0.15 0.28 0.08 0.32 
8/4/2007 0.17 0.02 0.03 0.06 0.12 0.28 0.07 0.27 
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8/5/2007 0.16 0.02 0.02 0.01 0.11 0.24 0.06 0.24 
8/6/2007 0.15 0.02 0.02 0.09 0.13 0.29 0.04 0.17 
8/7/2007 0.15 0.02 0.02 0.12 0.15 0.27 0.04 0.16 
8/8/2007 0.15 0.02 0.02 0.18 0.18 0.30 0.05 0.18 
8/9/2007 0.14 0.02 0.02 0.10 0.15 0.27 0.06 0.24 

8/10/2007 0.14 0.02 0.02 0.10 0.11 0.29 0.05 0.22 
8/11/2007 0.14 0.02 0.02 0.11 0.13 0.29 0.05 0.18 
8/12/2007 0.14 0.02 0.02 0.08 0.11 0.26 0.05 0.20 
8/13/2007 0.14 0.02 0.02 0.67 0.36 0.46 0.00 0.00 
8/14/2007 0.14 0.02 0.02 2.63 1.20 1.10 0.00 0.00 
8/15/2007 0.13 0.02 0.02 2.47 1.14 1.04 0.00 0.00 
8/16/2007 0.13 0.01 0.02 2.47 1.14 1.04 0.00 0.00 
8/17/2007 0.13 0.02 0.02 1.90 0.88 0.85 0.00 0.00 
8/18/2007 0.13 0.01 0.02 0.26 0.21 0.30 0.09 0.36 
8/19/2007 0.13 0.02 0.02 0.03 0.08 0.24 0.10 0.41 
8/20/2007 0.14 0.02 0.02 0.00 0.06 0.23 0.07 0.29 
8/21/2007 0.14 0.01 0.02 0.00 0.07 0.23 0.05 0.20 
8/22/2007 0.13 0.01 0.02 0.00 0.07 0.22 0.04 0.16 
8/23/2007 0.13 0.01 0.02 0.00 0.07 0.23 0.03 0.14 
8/24/2007 0.12 0.01 0.02 0.01 0.07 0.24 0.03 0.12 
8/25/2007 0.12 0.01 0.02 0.02 0.07 0.24 0.03 0.10 
8/26/2007 0.11 0.01 0.02 0.02 0.07 0.23 0.02 0.09 
8/27/2007 0.10 0.01 0.01 0.01 0.06 0.22 0.02 0.08 
8/28/2007 0.10 0.01 0.01 0.00 0.05 0.21 0.02 0.09 
8/29/2007 0.10 0.01 0.02 0.00 0.05 0.22 0.02 0.08 
8/30/2007 0.09 0.01 0.02 0.00 0.05 0.23 0.02 0.09 
8/31/2007 0.09 0.01 0.02 0.00 0.05 0.21 0.02 0.09 
9/1/2007 0.08 0.01 0.01 0.00 0.05 0.22 0.02 0.08 
9/2/2007 0.07 0.01 0.01 0.01 0.04 0.23 0.02 0.08 
9/3/2007 0.06 0.01 0.01 0.02 0.04 0.23 0.02 0.08 
9/4/2007 0.06 0.01 0.01 0.03 0.04 0.20 0.01 0.06 
9/5/2007 0.05 0.00 0.01 0.03 0.04 0.21 0.01 0.05 
9/6/2007 0.05 0.00 0.01 0.03 0.04 0.21 0.01 0.05 
9/7/2007 0.05 0.00 0.01 0.04 0.04 0.21 0.01 0.05 
9/8/2007 0.04 0.00 0.01 0.04 0.04 0.21 0.01 0.03 
9/9/2007 0.05 0.00 0.01 0.03 0.04 0.21 0.03 0.14 

9/10/2007 0.08 0.01 0.01 0.00 0.04 0.23 0.01 0.06 
9/11/2007 0.16 0.02 0.02 0.79 0.42 0.51 0.00 0.00 
9/12/2007 0.17 0.02 0.02 0.50 0.30 0.44 0.02 0.09 
9/13/2007 0.13 0.01 0.02 0.58 0.31 0.43 0.02 0.08 
9/14/2007 0.13 0.01 0.02 1.79 0.86 0.81 0.00 0.00 
9/15/2007 0.14 0.01 0.02 0.45 0.26 0.36 0.05 0.18 
9/16/2007 0.12 0.01 0.02 0.13 0.13 0.29 0.09 0.37 
9/17/2007 0.12 0.01 0.02 0.30 0.19 0.35 0.03 0.12 
9/18/2007 0.12 0.01 0.02 1.57 0.74 0.73 0.00 0.00 
9/19/2007 0.12 0.01 0.02 1.33 0.66 0.67 0.00 0.00 
9/20/2007 0.11 0.01 0.02 0.23 0.15 0.28 0.06 0.25 
9/21/2007 0.10 0.01 0.01 0.07 0.09 0.25 0.07 0.27 
9/22/2007 0.09 0.01 0.02 0.06 0.08 0.23 0.06 0.23 
9/23/2007 0.09 0.01 0.02 0.05 0.07 0.23 0.04 0.16 
9/24/2007 0.09 0.01 0.01 0.04 0.07 0.24 0.03 0.14 
9/25/2007 0.08 0.01 0.01 0.03 0.06 0.23 0.03 0.14 
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9/26/2007 0.08 0.01 0.01 0.03 0.06 0.24 0.03 0.12 
9/27/2007 0.08 0.01 0.01 0.03 0.05 0.21 0.03 0.14 
9/28/2007 0.08 0.01 0.01 0.05 0.07 0.24 0.02 0.09 
9/29/2007 0.07 0.01 0.01 0.05 0.06 0.23 0.02 0.09 
9/30/2007 0.06 0.00 0.01 0.04 0.05 0.23 0.02 0.09 
10/1/2007 0.07 0.00 0.01 0.03 0.05 0.82 0.09 0.36 
10/2/2007 0.06 0.01 0.01 0.05 0.05 0.83 0.09 0.36 
10/3/2007 0.05 0.00 0.01 0.05 0.05 0.82 0.09 0.36 
10/4/2007 0.05 0.00 0.01 0.06 0.05 0.82 0.09 0.36 
10/5/2007 0.04 0.00 0.01 0.07 0.05 0.82 0.09 0.36 
10/6/2007 0.04 0.00 0.01 0.07 0.05 0.81 0.09 0.36 
10/7/2007 0.04 0.00 0.01 0.08 0.05 0.81 0.09 0.36 
10/8/2007 0.05 0.01 0.01 0.24 0.13 0.83 0.07 0.29 
10/9/2007 0.05 0.00 0.01 0.15 0.09 0.82 0.08 0.34 
10/10/2007 0.04 0.00 0.01 0.12 0.07 0.83 0.09 0.36 
10/11/2007 0.04 0.00 0.01 0.12 0.08 0.82 0.09 0.36 
10/12/2007 0.05 0.01 0.01 0.30 0.14 0.85 0.07 0.29 
10/13/2007 0.05 0.00 0.01 0.19 0.12 0.81 0.10 0.42 
10/14/2007 0.05 0.00 0.01 0.09 0.07 0.81 0.12 0.50 
10/15/2007 0.04 0.00 0.01 0.08 0.06 0.81 0.12 0.50 
10/16/2007 0.04 0.00 0.01 0.07 0.05 0.82 0.12 0.48 
10/17/2007 0.04 0.00 0.01 0.07 0.05 0.82 0.11 0.45 
10/18/2007 0.04 0.00 0.01 0.07 0.05 0.82 0.11 0.44 
10/19/2007 0.03 0.00 0.01 0.24 0.11 0.83 0.09 0.37 
10/20/2007 0.18 0.02 0.03 0.87 0.48 0.91 0.03 0.12 
10/21/2007 0.18 0.02 0.02 0.17 0.17 0.85 0.14 0.54 
10/22/2007 0.17 0.02 0.03 0.06 0.12 0.82 0.17 0.67 
10/23/2007 0.17 0.02 0.03 0.06 0.13 0.81 0.16 0.65 
10/24/2007 0.14 0.02 0.02 0.10 0.15 0.81 0.15 0.59 
10/25/2007 0.14 0.01 0.02 0.09 0.11 0.82 0.14 0.58 
10/26/2007 0.13 0.01 0.02 0.07 0.10 0.83 0.12 0.49 
10/27/2007 0.17 0.02 0.02 0.30 0.21 0.84 0.08 0.32 
10/28/2007 0.24 0.03 0.04 0.14 0.19 0.86 0.11 0.43 
10/29/2007 0.24 0.03 0.04 0.00 0.15 0.81 0.13 0.53 
10/30/2007 0.25 0.03 0.03 0.00 0.13 0.81 0.13 0.53 
10/31/2007 0.26 0.05 0.03 0.00 0.13 0.83 0.12 0.49 
11/1/2007 0.19 0.02 0.03 0.08 0.15 0.81 0.12 0.48 
11/2/2007 0.17 0.02 0.03 1.39 0.68 0.94 0.00 0.00 
11/3/2007 0.19 0.02 0.03 5.42 2.43 1.28 0.00 0.00 
11/4/2007 0.51 0.09 0.06 3.77 1.90 1.18 0.00 0.00 
11/5/2007 0.40 0.05 0.06 0.96 0.66 0.93 0.15 0.61 
11/6/2007 0.47 0.04 0.06 1.25 0.77 0.96 0.10 0.39 
11/7/2007 0.63 0.11 0.06 0.62 0.63 0.93 0.14 0.57 
11/8/2007 0.59 0.09 0.06 0.00 0.31 0.87 0.24 0.95 
11/9/2007 0.50 0.10 0.06 0.00 0.25 0.86 0.23 0.92 
11/10/2007 0.47 0.09 0.03 0.00 0.19 0.85 0.20 0.80 
11/11/2007 0.49 0.08 0.03 0.00 0.19 0.86 0.18 0.74 
11/12/2007 0.35 0.04 0.03 0.00 0.20 0.85 0.17 0.69 
11/13/2007 0.31 0.06 0.03 0.14 0.24 0.84 0.15 0.59 
11/14/2007 0.27 0.05 0.03 0.08 0.20 0.85 0.16 0.63 
11/15/2007 0.34 0.06 0.03 0.40 0.33 0.89 0.10 0.42 
11/16/2007 0.58 0.10 0.06 0.48 0.53 0.91 0.08 0.34 
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11/17/2007 0.66 0.11 0.06 0.00 0.32 0.87 0.19 0.75 
11/18/2007 0.59 0.09 0.06 0.00 0.28 0.85 0.20 0.80 
11/19/2007 0.48 0.09 0.03 0.03 0.25 0.85 0.19 0.75 
11/20/2007 0.40 0.05 0.06 0.06 0.25 0.85 0.18 0.72 
11/21/2007 0.36 0.07 0.03 0.06 0.23 0.85 0.18 0.70 
11/22/2007 0.37 0.06 0.03 0.03 0.19 0.86 0.17 0.68 
11/23/2007 0.36 0.07 0.03 0.03 0.20 0.85 0.16 0.66 
11/24/2007 0.32 0.04 0.03 0.00 0.18 0.84 0.17 0.67 
11/25/2007 0.30 0.07 0.03 0.00 0.17 0.85 0.16 0.62 
11/26/2007 0.33 0.07 0.03 0.37 0.35 0.87 0.09 0.36 
11/27/2007 0.42 0.07 0.06 1.59 0.89 1.00 0.00 0.00 
11/28/2007 0.46 0.05 0.06 1.50 0.87 1.00 0.00 0.00 
11/29/2007 0.43 0.05 0.06 1.47 0.88 0.96 0.00 0.00 
11/30/2007 0.41 0.07 0.06 1.16 0.71 0.93 0.04 0.17 
12/1/2007 0.36 0.07 0.03 0.17 0.26 0.84 0.19 0.76 
12/2/2007 0.30 0.07 0.03 0.00 0.16 0.86 0.20 0.80 
12/3/2007 0.34 0.06 0.03 0.14 0.22 0.85 0.16 0.63 
12/4/2007 0.55 0.08 0.06 0.00 0.26 0.85 0.14 0.55 
12/5/2007 0.38 0.07 0.06 0.03 0.22 0.85 0.14 0.55 
12/6/2007 0.29 0.02 0.06 0.08 0.20 0.84 0.14 0.58 
12/7/2007 0.26 0.05 0.03 0.06 0.16 0.86 0.15 0.60 
12/8/2007 0.25 0.03 0.03 0.08 0.17 0.85 0.14 0.58 
12/9/2007 0.27 0.04 0.03 0.06 0.16 0.86 0.14 0.54 
12/10/2007 0.29 0.02 0.06 0.06 0.19 0.86 0.12 0.50 
12/11/2007 0.31 0.06 0.03 0.03 0.19 0.86 0.13 0.51 
12/12/2007 0.39 0.06 0.06 0.03 0.24 0.84 0.12 0.49 
12/13/2007 0.54 0.08 0.06 0.06 0.31 0.88 0.10 0.39 
12/14/2007 0.57 0.09 0.06 0.11 0.37 0.88 0.09 0.36 
12/15/2007 0.75 0.10 0.08 0.00 0.31 0.88 0.13 0.51 
12/16/2007 2.47 0.51 0.14 0.00 0.89 0.95 0.00 0.00 
12/17/2007 1.21 0.23 0.08 0.03 0.67 0.92 0.02 0.08 
12/18/2007 0.93 0.18 0.08 1.36 1.12 1.01 0.00 0.00 
12/19/2007 0.82 0.15 0.08 1.50 1.07 1.03 0.00 0.00 
12/20/2007 0.81 0.13 0.06 1.70 1.17 1.01 0.00 0.00 
12/21/2007 0.74 0.11 0.08 1.53 1.05 1.01 0.00 0.00 
12/22/2007 0.71 0.11 0.08 1.44 1.00 0.99 0.00 0.00 
12/23/2007 0.75 0.10 0.08 1.30 0.97 0.98 0.00 0.00 
12/24/2007 1.52 0.29 0.11 1.61 1.53 1.10 0.00 0.00 
12/25/2007 1.40 0.27 0.11 1.27 1.31 1.07 0.00 0.00 
12/26/2007 1.33 0.25 0.08 1.16 1.22 1.04 0.05 0.18 
12/27/2007 1.63 0.32 0.11 1.61 1.56 1.10 0.00 0.00 
12/28/2007 1.59 0.31 0.11 1.67 1.58 1.11 0.00 0.00 
12/29/2007 1.66 0.32 0.11 1.76 1.66 1.15 0.00 0.00 
12/30/2007 1.63 0.30 0.11 1.76 1.64 1.13 0.00 0.00 
12/31/2007 1.60 0.30 0.11 2.18 1.79 1.15 0.00 0.00 

1/1/2008 1.50 0.28 0.11 2.04 1.69 1.14 0.00 0.00 
1/2/2008 1.36 0.26 0.08 1.95 1.54 1.12 0.04 0.15 
1/3/2008 1.99 0.39 0.11 0.57 1.32 1.09 0.11 0.44 
1/4/2008 1.64 0.32 0.11 0.74 1.22 1.04 0.12 0.49 
1/5/2008 0.92 0.16 0.06 1.53 1.17 1.01 0.09 0.35 
1/6/2008 0.83 0.13 0.08 1.56 1.10 1.03 0.08 0.32 
1/7/2008 0.85 0.14 0.08 1.53 1.11 1.01 0.06 0.25 
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1/8/2008 1.02 0.17 0.08 1.50 1.19 1.05 0.04 0.17 
1/9/2008 1.87 0.37 0.11 1.27 1.55 1.11 0.00 0.00 

1/10/2008 2.26 0.45 0.14 1.44 1.84 1.16 0.00 0.00 
1/11/2008 3.75 0.83 0.17 2.15 2.95 1.39 0.00 0.00 
1/12/2008 4.40 0.98 0.14 2.83 3.57 1.50 0.00 0.00 
1/13/2008 3.75 0.81 0.14 2.52 3.08 1.42 0.00 0.00 
1/14/2008 2.84 0.58 0.14 4.33 3.38 1.46 0.00 0.00 
1/15/2008 2.49 0.52 0.14 6.20 4.02 1.59 0.00 0.00 
1/16/2008 2.28 0.50 0.11 5.97 3.79 1.56 0.00 0.00 
1/17/2008 1.96 0.39 0.11 3.60 2.60 1.30 0.16 0.65 
1/18/2008 2.20 0.47 0.11 3.79 2.83 1.36 0.11 0.44 
1/19/2008 2.31 0.47 0.11 2.29 2.25 1.23 0.31 1.25 
1/20/2008 2.08 0.44 0.11 2.12 2.04 1.22 0.34 1.36 
1/21/2008 1.82 0.36 0.11 1.90 1.82 1.15 0.35 1.40 
1/22/2008 1.47 0.29 0.11 1.98 1.66 1.14 0.33 1.34 
1/23/2008 1.38 0.26 0.11 1.78 1.53 1.10 0.33 1.30 
1/24/2008 1.28 0.22 0.11 0.62 0.96 0.99 0.47 1.87 
1/25/2008 1.15 0.21 0.11 0.71 0.93 1.00 0.40 1.59 
1/26/2008 1.04 0.20 0.08 1.39 1.15 1.06 0.25 1.02 
1/27/2008 1.02 0.17 0.08 1.42 1.15 1.03 0.21 0.83 
1/28/2008 1.00 0.16 0.08 1.19 1.04 1.03 0.18 0.72 
1/29/2008 0.98 0.16 0.08 1.33 1.08 1.01 0.17 0.67 
1/30/2008 1.13 0.20 0.08 1.02 1.05 1.01 0.17 0.68 
1/31/2008 1.22 0.22 0.08 0.31 0.79 0.96 0.25 1.00 
2/1/2008 1.80 0.33 0.11 0.79 1.29 1.06 0.10 0.40 
2/2/2008 4.59 1.10 0.08 1.33 3.04 1.41 0.00 0.00 
2/3/2008 4.13 0.99 0.08 0.79 2.58 1.30 0.03 0.11 
2/4/2008 3.06 0.65 0.14 2.80 2.86 1.36 0.05 0.22 
2/5/2008 3.30 0.72 0.14 5.61 4.20 1.60 0.00 0.00 
2/6/2008 4.75 1.11 0.14 5.66 5.01 1.79 0.00 0.00 
2/7/2008 8.86 2.23 0.06 6.17 7.41 2.28 0.00 0.00 
2/8/2008 8.18 1.95 0.17 5.44 6.76 2.13 0.00 0.00 
2/9/2008 5.72 1.36 0.14 7.13 6.15 2.00 0.00 0.00 

2/10/2008 5.34 1.23 0.14 6.60 5.72 1.93 0.10 0.40 
2/11/2008 4.37 1.01 0.14 6.94 5.33 1.84 0.10 0.40 
2/12/2008 3.94 0.88 0.14 7.59 5.39 1.86 0.03 0.14 
2/13/2008 6.41 1.52 0.14 7.64 6.73 2.13 0.00 0.00 
2/14/2008 10.89 2.84 0.00 7.08 8.93 2.54 0.00 0.00 
2/15/2008 10.55 2.73 0.03 5.72 8.16 2.26 0.00 0.00 
2/16/2008 8.29 2.07 0.08 7.33 7.61 2.30 0.00 0.00 
2/17/2008 6.30 1.51 0.14 8.13 6.91 2.15 0.11 0.43 
2/18/2008 9.73 2.50 0.03 6.71 8.13 2.35 0.00 0.00 
2/19/2008 12.10 3.16 0.00 5.78 9.01 2.55 0.00 0.00 
2/20/2008 9.73 2.51 0.03 7.39 8.44 2.49 0.00 0.00 
2/21/2008 7.17 1.75 0.11 8.01 7.31 2.23 0.29 1.14 
2/22/2008 5.76 1.37 0.14 8.49 6.77 2.12 0.39 1.57 
2/23/2008 4.88 1.12 0.14 7.30 5.75 1.93 0.61 2.46 
2/24/2008 4.84 1.11 0.14 6.03 5.20 1.82 0.64 2.56 
2/25/2008 4.47 1.02 0.14 4.95 4.57 1.69 0.70 2.80 
2/26/2008 4.26 0.95 0.14 3.88 3.94 1.58 0.75 2.99 
2/27/2008 5.21 1.22 0.14 4.28 4.64 1.73 0.46 1.85 
2/28/2008 4.87 1.13 0.14 5.61 5.03 1.79 0.23 0.93 
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2/29/2008 4.10 0.94 0.14 4.45 4.15 1.60 0.47 1.87 
3/1/2008 3.77 0.81 0.17 5.97 4.60 1.69 0.25 0.99 
3/2/2008 3.61 0.78 0.14 5.66 4.38 1.68 0.23 0.91 
3/3/2008 3.44 0.78 0.14 5.15 4.08 1.61 0.25 1.02 
3/4/2008 3.99 0.91 0.14 4.59 4.09 1.62 0.21 0.85 
3/5/2008 7.30 1.79 0.11 4.81 6.02 1.97 0.00 0.00 
3/6/2008 7.91 1.94 0.11 5.61 6.66 2.12 0.00 0.00 
3/7/2008 6.51 1.56 0.14 8.01 6.97 2.17 0.00 0.00 
3/8/2008 9.78 2.50 0.06 5.38 7.63 2.28 0.00 0.00 
3/9/2008 14.36 3.84 0.00 4.30 9.72 2.71 0.00 0.00 

3/10/2008 11.24 2.91 0.00 6.46 8.90 2.48 0.00 0.00 
3/11/2008 8.27 2.07 0.08 8.10 7.95 2.42 0.34 1.36 
3/12/2008 6.85 1.67 0.11 9.63 7.82 2.23 0.37 1.47 
3/13/2008 5.98 1.40 0.14 10.25 7.61 2.30 0.32 1.27 
3/14/2008 5.33 1.24 0.14 9.94 7.14 2.20 0.35 1.38 
3/15/2008 5.18 1.22 0.14 9.99 7.07 2.22 0.24 0.95 
3/16/2008 4.90 1.13 0.14 9.57 6.77 2.12 0.24 0.97 
3/17/2008 4.46 1.03 0.14 8.61 6.09 2.01 0.35 1.39 
3/18/2008 4.04 0.91 0.14 6.71 5.06 1.82 0.59 2.37 
3/19/2008 3.96 0.88 0.14 5.66 4.55 1.70 0.65 2.58 
3/20/2008 5.10 1.18 0.14 6.06 5.35 1.87 0.35 1.38 
3/21/2008 5.02 1.15 0.14 5.61 5.13 1.80 0.37 1.46 
3/22/2008 4.41 1.00 0.17 5.63 4.80 1.77 0.42 1.70 
3/23/2008 3.83 0.84 0.14 5.69 4.49 1.71 0.46 1.82 
3/24/2008 3.31 0.71 0.14 6.00 4.37 1.66 0.40 1.61 
3/25/2008 2.60 0.55 0.14 7.64 4.69 1.74 0.17 0.69 
3/26/2008 2.52 0.51 0.14 7.93 4.74 1.74 0.07 0.26 
3/27/2008 2.46 0.52 0.14 6.63 4.20 1.61 0.18 0.74 
3/28/2008 2.67 0.56 0.11 6.40 4.18 1.62 0.14 0.54 
3/29/2008 2.71 0.57 0.14 6.31 4.16 1.62 0.11 0.44 
3/30/2008 2.50 0.50 0.14 6.17 4.00 1.58 0.14 0.58 
3/31/2008 2.38 0.48 0.14 6.20 3.93 1.59 0.11 0.45 
4/1/2008 2.19 0.45 0.11 7.25 4.27 1.65 0.00 0.00 
4/2/2008 2.55 0.53 0.11 7.79 4.71 1.72 0.00 0.00 
4/3/2008 2.35 0.48 0.14 5.63 3.71 1.53 0.15 0.61 
4/4/2008 2.67 0.56 0.11 7.59 4.67 1.73 0.00 0.00 
4/5/2008 3.13 0.69 0.14 7.96 5.12 1.82 0.00 0.00 
4/6/2008 2.99 0.66 0.14 7.73 4.95 1.79 0.00 0.00 
4/7/2008 2.59 0.53 0.14 7.19 4.46 1.68 0.00 0.00 
4/8/2008 2.24 0.45 0.14 6.29 3.91 1.58 0.17 0.69 
4/9/2008 2.05 0.39 0.14 7.05 4.10 1.61 0.05 0.20 

4/10/2008 1.88 0.36 0.11 6.96 4.00 1.58 0.03 0.12 
4/11/2008 1.73 0.34 0.11 6.80 3.85 1.56 0.01 0.06 
4/12/2008 2.09 0.43 0.11 7.39 4.30 1.65 0.00 0.00 
4/13/2008 2.70 0.56 0.14 7.33 4.61 1.70 0.00 0.00 
4/14/2008 2.48 0.52 0.14 7.13 4.38 1.68 0.00 0.00 
4/15/2008 2.11 0.41 0.11 7.11 4.20 1.61 0.00 0.00 
4/16/2008 1.86 0.38 0.11 6.91 3.96 1.59 0.00 0.00 
4/17/2008 1.69 0.35 0.11 6.74 3.79 1.56 0.00 0.00 
4/18/2008 1.54 0.33 0.08 6.54 3.65 1.53 0.00 0.00 
4/19/2008 1.38 0.26 0.11 6.43 3.52 1.50 0.00 0.00 
4/20/2008 1.30 0.26 0.08 6.26 3.38 1.46 0.00 0.00 
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4/21/2008 1.20 0.22 0.08 6.26 3.33 1.43 0.00 0.00 
4/22/2008 1.07 0.21 0.08 6.14 3.24 1.43 0.00 0.00 
4/23/2008 1.03 0.16 0.08 6.12 3.17 1.41 0.00 0.00 
4/24/2008 1.09 0.19 0.08 5.89 3.10 1.43 0.00 0.00 
4/25/2008 1.06 0.19 0.08 5.52 2.90 1.40 0.00 0.00 
4/26/2008 0.83 0.13 0.08 5.21 2.69 1.33 0.00 0.00 
4/27/2008 0.73 0.12 0.08 5.15 2.61 1.33 0.00 0.00 
4/28/2008 0.91 0.17 0.06 5.97 3.06 1.41 0.00 0.00 
4/29/2008 3.01 0.65 0.14 6.96 4.61 1.70 0.00 0.00 
4/30/2008 3.80 0.84 0.14 7.39 5.23 1.85 0.00 0.00 
5/1/2008 2.89 0.63 0.14 7.93 4.95 1.78 0.00 0.00 
5/2/2008 2.15 0.43 0.14 8.07 4.60 1.71 0.00 0.00 
5/3/2008 1.92 0.41 0.11 7.81 4.38 1.68 0.00 0.00 
5/4/2008 1.86 0.37 0.11 7.59 4.28 1.64 0.00 0.00 
5/5/2008 1.84 0.37 0.11 6.43 3.76 1.54 0.12 0.46 
5/6/2008 1.69 0.35 0.11 4.50 2.87 1.35 0.39 1.57 
5/7/2008 1.53 0.28 0.11 1.50 1.48 1.09 0.82 3.30 
5/8/2008 1.38 0.26 0.11 1.39 1.33 1.07 0.78 3.14 
5/9/2008 1.24 0.23 0.08 1.87 1.46 1.11 0.61 2.46 

5/10/2008 1.22 0.22 0.08 1.93 1.49 1.11 0.52 2.06 
5/11/2008 1.13 0.20 0.08 1.78 1.39 1.07 0.48 1.91 
5/12/2008 1.07 0.20 0.08 1.42 1.19 1.04 0.46 1.86 
5/13/2008 0.99 0.17 0.08 0.76 0.85 0.96 0.52 2.07 
5/14/2008 0.90 0.18 0.06 0.88 0.84 0.97 0.48 1.90 
5/15/2008 0.84 0.15 0.08 1.27 1.01 1.00 0.36 1.43 
5/16/2008 0.95 0.18 0.08 1.13 1.03 0.98 0.31 1.23 
5/17/2008 1.32 0.26 0.08 1.27 1.26 1.06 0.22 0.87 
5/18/2008 1.24 0.24 0.08 1.16 1.17 1.04 0.24 0.97 
5/19/2008 1.01 0.17 0.08 1.25 1.08 1.01 0.27 1.08 
5/20/2008 0.91 0.16 0.06 1.36 1.08 1.02 0.24 0.96 
5/21/2008 0.93 0.17 0.08 1.22 1.05 1.02 0.21 0.85 
5/22/2008 1.11 0.19 0.08 0.96 1.01 1.00 0.20 0.79 
5/23/2008 1.16 0.20 0.11 0.71 0.93 1.00 0.21 0.84 
5/24/2008 1.10 0.21 0.08 0.68 0.88 0.99 0.20 0.79 
5/25/2008 1.08 0.20 0.08 0.59 0.81 0.97 0.19 0.77 
5/26/2008 1.11 0.19 0.08 0.51 0.83 0.95 0.16 0.66 
5/27/2008 0.86 0.15 0.08 0.99 0.92 0.98 0.12 0.48 
5/28/2008 0.78 0.13 0.06 1.02 0.86 0.95 0.15 0.59 
5/29/2008 0.67 0.12 0.06 0.76 0.67 0.94 0.22 0.88 
5/30/2008 0.61 0.12 0.06 0.65 0.62 0.94 0.24 0.95 
5/31/2008 0.56 0.09 0.06 0.68 0.60 0.93 0.23 0.94 
6/1/2008 0.56 0.09 0.06 0.65 0.61 0.92 0.21 0.83 
6/2/2008 0.49 0.08 0.03 0.76 0.56 0.92 0.19 0.76 
6/3/2008 0.43 0.05 0.06 0.99 0.65 0.94 0.13 0.53 
6/4/2008 0.45 0.06 0.06 1.25 0.77 0.96 0.08 0.32 
6/5/2008 0.50 0.09 0.06 1.22 0.79 0.96 0.08 0.34 
6/6/2008 0.56 0.10 0.06 1.13 0.80 0.96 0.12 0.48 
6/7/2008 0.58 0.07 0.06 0.88 0.67 0.95 0.17 0.68 
6/8/2008 0.52 0.07 0.06 0.76 0.64 0.92 0.19 0.77 
6/9/2008 0.46 0.05 0.06 0.74 0.56 0.92 0.20 0.79 

6/10/2008 0.42 0.06 0.06 0.65 0.52 0.90 0.19 0.77 
6/11/2008 0.39 0.06 0.06 0.57 0.49 0.90 0.18 0.71 
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6/12/2008 0.35 0.05 0.03 0.48 0.40 0.87 0.18 0.71 
6/13/2008 0.31 0.06 0.03 0.20 0.26 0.84 0.19 0.76 
6/14/2008 0.28 0.03 0.06 0.17 0.22 0.86 0.19 0.75 
6/15/2008 0.41 0.04 0.06 0.85 0.59 0.94 0.05 0.22 
6/16/2008 0.45 0.06 0.06 0.51 0.46 0.90 0.10 0.41 
6/17/2008 0.69 0.10 0.06 0.96 0.77 0.96 0.02 0.08 
6/18/2008 0.52 0.07 0.06 0.45 0.47 0.91 0.14 0.55 
6/19/2008 0.45 0.06 0.06 0.34 0.37 0.87 0.17 0.68 
6/20/2008 0.38 0.07 0.06 0.31 0.33 0.89 0.17 0.67 
6/21/2008 0.35 0.05 0.03 0.40 0.34 0.88 0.15 0.60 
6/22/2008 0.31 0.06 0.03 0.28 0.30 0.89 0.15 0.59 
6/23/2008 0.95 0.18 0.08 0.85 0.88 0.99 0.00 0.00 
6/24/2008 1.59 0.31 0.11 1.30 1.42 1.08 0.00 0.00 
6/25/2008 1.84 0.37 0.11 1.47 1.62 1.13 0.00 0.00 
6/26/2008 1.30 0.26 0.08 1.76 1.48 1.10 0.00 0.00 
6/27/2008 0.93 0.17 0.08 3.00 1.81 1.17 0.00 0.00 
6/28/2008 0.79 0.15 0.06 4.05 2.17 1.23 0.00 0.00 
6/29/2008 0.97 0.16 0.08 3.43 2.00 1.20 0.00 0.00 
6/30/2008 0.75 0.15 0.06 3.00 1.71 1.12 0.00 0.00 
7/1/2008 0.62 0.12 0.06 1.42 0.97 0.98 0.20 0.79 
7/2/2008 0.66 0.10 0.06 0.96 0.76 0.97 0.27 1.09 
7/3/2008 0.59 0.09 0.06 0.88 0.71 0.94 0.34 1.35 
7/4/2008 0.54 0.08 0.06 1.05 0.74 0.96 0.37 1.47 
7/5/2008 0.53 0.09 0.06 0.71 0.60 0.93 0.38 1.52 
7/6/2008 0.49 0.08 0.03 0.62 0.53 0.91 0.38 1.53 
7/7/2008 0.43 0.05 0.06 1.02 0.68 0.94 0.30 1.19 
7/8/2008 0.37 0.06 0.03 2.49 1.27 1.06 0.05 0.19 
7/9/2008 0.32 0.05 0.03 2.55 1.27 1.05 0.00 0.01 

7/10/2008 0.32 0.05 0.03 2.43 1.22 1.05 0.05 0.22 
7/11/2008 0.40 0.06 0.06 0.57 0.45 0.91 0.35 1.39 
7/12/2008 0.30 0.07 0.03 0.37 0.33 0.89 0.37 1.48 
7/13/2008 0.23 0.03 0.02 0.40 0.29 0.84 0.35 1.39 
7/14/2008 0.20 0.02 0.03 0.34 0.26 0.84 0.31 1.23 
7/15/2008 0.18 0.02 0.03 0.31 0.22 0.85 0.27 1.09 
7/16/2008 0.17 0.02 0.03 0.27 0.21 0.84 0.24 0.97 
7/17/2008 0.15 0.02 0.02 0.24 0.21 0.84 0.21 0.85 
7/18/2008 0.13 0.02 0.02 0.23 0.18 0.84 0.19 0.76 
7/19/2008 0.11 0.01 0.02 0.26 0.16 0.86 0.17 0.68 
7/20/2008 0.11 0.01 0.02 0.23 0.13 0.86 0.17 0.68 
7/21/2008 0.20 0.03 0.03 1.47 0.75 0.95 0.03 0.11 
7/22/2008 0.15 0.02 0.02 0.49 0.31 0.88 0.25 1.02 
7/23/2008 0.30 0.07 0.03 1.16 0.67 0.94 0.16 0.63 
7/24/2008 2.34 0.49 0.14 4.13 3.04 1.41 0.00 0.00 
7/25/2008 2.64 0.53 0.14 7.16 4.47 1.70 0.00 0.00 
7/26/2008 2.07 0.42 0.11 6.91 4.08 1.64 0.00 0.00 
7/27/2008 1.57 0.30 0.08 6.60 3.65 1.53 0.00 0.00 
7/28/2008 1.56 0.31 0.08 5.69 3.28 1.44 0.13 0.52 
7/29/2008 1.30 0.25 0.08 4.05 2.42 1.28 0.38 1.52 
7/30/2008 1.03 0.16 0.08 2.32 1.52 1.11 0.65 2.60 
7/31/2008 0.83 0.13 0.08 2.10 1.34 1.07 0.63 2.53 
8/1/2008 0.72 0.11 0.08 2.35 1.39 1.08 0.51 2.03 
8/2/2008 0.62 0.12 0.06 1.70 1.07 1.02 0.53 2.12 
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8/3/2008 0.66 0.11 0.06 1.73 1.07 1.03 0.49 1.97 
8/4/2008 0.70 0.12 0.08 1.98 1.22 1.05 0.37 1.49 
8/5/2008 0.56 0.09 0.06 2.35 1.31 1.07 0.30 1.19 
8/6/2008 0.69 0.10 0.06 2.69 1.52 1.11 0.22 0.88 
8/7/2008 1.06 0.19 0.08 2.21 1.52 1.11 0.21 0.84 
8/8/2008 2.20 0.47 0.11 2.94 2.46 1.28 0.00 0.00 
8/9/2008 3.66 0.79 0.17 1.98 2.82 1.37 0.00 0.00 

8/10/2008 3.29 0.70 0.14 2.24 2.76 1.32 0.00 0.00 
8/11/2008 2.54 0.55 0.11 3.31 2.82 1.35 0.09 0.36 
8/12/2008 1.95 0.40 0.11 3.68 2.62 1.34 0.27 1.09 
8/13/2008 1.71 0.33 0.11 3.34 2.35 1.27 0.42 1.68 
8/14/2008 1.54 0.27 0.11 3.06 2.15 1.22 0.47 1.87 
8/15/2008 1.44 0.29 0.08 2.27 1.73 1.16 0.55 2.20 
8/16/2008 1.55 0.32 0.08 1.02 1.26 1.06 0.70 2.82 
8/17/2008 1.47 0.29 0.11 0.65 1.06 1.03 0.75 3.01 
8/18/2008 1.29 0.21 0.11 1.10 1.16 1.05 0.67 2.66 
8/19/2008 1.08 0.19 0.08 2.38 1.60 1.14 0.43 1.72 
8/20/2008 0.91 0.17 0.06 2.15 1.38 1.08 0.42 1.69 
8/21/2008 0.77 0.13 0.06 1.67 1.15 1.01 0.44 1.74 
8/22/2008 0.69 0.11 0.06 1.44 0.98 1.00 0.42 1.66 
8/23/2008 0.61 0.12 0.06 0.74 0.65 0.94 0.46 1.85 
8/24/2008 0.57 0.08 0.06 0.68 0.58 0.95 0.41 1.64 
8/25/2008 0.54 0.08 0.06 0.74 0.59 0.94 0.34 1.36 
8/26/2008 0.48 0.09 0.03 1.10 0.75 0.95 0.23 0.93 
8/27/2008 0.44 0.04 0.06 0.65 0.51 0.91 0.25 1.02 
8/28/2008 0.41 0.07 0.06 0.28 0.35 0.89 0.25 1.00 
8/29/2008 0.37 0.05 0.03 0.23 0.32 0.87 0.22 0.89 
8/30/2008 0.35 0.04 0.03 0.25 0.30 0.89 0.19 0.76 
8/31/2008 0.33 0.04 0.03 0.23 0.29 0.85 0.18 0.72 
9/1/2008 0.29 0.03 0.06 0.20 0.23 0.85 0.17 0.67 
9/2/2008 0.26 0.02 0.06 0.17 0.20 0.84 0.16 0.65 
9/3/2008 0.24 0.03 0.04 0.20 0.19 0.86 0.16 0.65 
9/4/2008 0.22 0.03 0.03 0.15 0.19 0.86 0.16 0.63 
9/5/2008 0.23 0.03 0.03 0.11 0.17 0.85 0.15 0.59 
9/6/2008 0.53 0.09 0.06 0.68 0.57 0.91 0.04 0.15 
9/7/2008 5.15 1.19 0.14 4.02 4.51 1.69 0.00 0.00 
9/8/2008 5.11 1.20 0.14 4.13 4.56 1.70 0.00 0.00 
9/9/2008 3.67 0.84 0.14 5.89 4.54 1.69 0.00 0.00 

9/10/2008 2.43 0.52 0.11 5.95 3.88 1.56 0.21 0.84 
9/11/2008 1.83 0.38 0.11 5.44 3.33 1.48 0.40 1.59 
9/12/2008 1.50 0.29 0.11 4.28 2.66 1.34 0.56 2.24 
9/13/2008 1.39 0.25 0.11 2.49 1.82 1.15 0.74 2.97 
9/14/2008 1.55 0.32 0.08 2.52 1.88 1.20 0.62 2.48 
9/15/2008 1.55 0.32 0.08 1.84 1.64 1.13 0.63 2.50 
9/16/2008 1.54 0.27 0.11 0.88 1.21 1.06 0.67 2.68 
9/17/2008 1.38 0.26 0.11 0.65 1.01 1.03 0.64 2.56 
9/18/2008 1.19 0.22 0.08 0.17 0.70 0.94 0.65 2.60 
9/19/2008 1.06 0.21 0.08 0.03 0.61 0.92 0.62 2.49 
9/20/2008 0.94 0.17 0.08 0.06 0.53 0.91 0.54 2.16 
9/21/2008 0.84 0.16 0.08 0.06 0.47 0.92 0.48 1.90 
9/22/2008 0.76 0.14 0.06 0.06 0.42 0.89 0.43 1.72 
9/23/2008 0.71 0.11 0.08 0.17 0.49 0.90 0.37 1.46 
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9/24/2008 0.64 0.12 0.06 0.99 0.76 0.97 0.22 0.87 
9/25/2008 0.63 0.11 0.06 1.36 0.95 0.98 0.10 0.41 
9/26/2008 1.29 0.21 0.11 3.65 2.25 1.26 0.00 0.00 
9/27/2008 2.16 0.42 0.14 5.78 3.66 1.52 0.00 0.00 
9/28/2008 3.33 0.75 0.14 6.46 4.55 1.71 0.00 0.00 
9/29/2008 3.17 0.68 0.14 6.60 4.53 1.70 0.00 0.00 
9/30/2008 2.50 0.50 0.14 5.86 3.87 1.57 0.00 0.00 
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APPENDIX B:  
Development of Mercury Bioaccumulation Factors (BAFs)  

from Available Surface Water and Fish Tissue Data. 
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Technical Memorandum 
 
 

To:  Scott Harding, Nobis Engineering, Inc. 
 
From:  Avatar Environmental, LLC 
 
Date:  22 December 2009 
 
Subject: Nyanza OUIV - Development of Mercury Bioaccumulation Factors (BAFs)  

from Available Surface Water and Fish Tissue Data. 
 
 
 

Species-specific b ioaccumulation factors ( BAFs) f or m ercury w ere d eveloped f or  l argemouth 

bass and yellow perch based on available pairings of mercury concentrations in surface water and 

fish tissue in the Sudbury River. Mercury bioaccumulation factors were developed using pairings 

of methylmercury concentrations in f iltered surface water collected f rom Reach 3  (Reservoir 2)  

and total mercury in  largemouth bass and yellow perch fillets collected during approximately the 

same time interval.  BAFs were calculated using total mercury fillet data.  Because site-specific 

data i ndicate t hat 8 9-99% o f m ercury d etected i n t he ax ial m uscle o f fish (i.e., f illet) is 

methylated, it was assumed that all of the mercury detected in fish tissue is methylated.   

Methylmercury in surface water was monitored in Reservoir 2 during  seven (7) sampling events 

conducted between May 2007 and June 2008 (Table 1).  Largemouth bass and yellow perch were 

collected f rom t he s ame l ocation i n June 2008 (Table 2). M ethylmercury co ncentrations f rom 

twenty-five (25) f iltered s urface w ater s amples were p aired w ith m ercury concentrations f rom 

each of thirteen (13) largemouth bass fillet samples. The pairings resulted in a “distribution” data 

set o f 3 25 s eparate B AFs for t he l argemouth b ass.  L ikewise, t he r esults o f t he s urface w ater 

samples w ere p aired with m ercury concentrations f rom e ach o f ei ght (8) yellow p erch f illets 

resulting in a data set of 200 BAFs for the yellow perch.    

To assess a measure of central tendency for the BAFs, it was first necessary to examine the shape 

of th e d istribution o f e ach o f th e d ata s ets to  a ssess th e u se o f n ormal parametric s tatistics to  

describe t he m ean o r s ome o ther m easure o f c entral t endency.  T he i ndividual d ata s ets w ere 

plotted using frequency histograms to obtain a visual reference of the distribution (Figures 1 and 

2).  Based on t hese r esults, t he di stributions of  both t he l argemouth bass and the yellow p erch 
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pairings were asymmetric and positively skewed and the assumption of normality did not have a 

reasonable analytic solution.  

As such the bass and perch data sets were run through a series of distribution tests to determine 

the “best- fit” using Pro UCL software. Based on the results, a non-parametric approach (i.e. the 

Chebychev approach) provided the best fit for both the largemouth and the yellow perch data sets. 

Using the Chebychev methodology, mean BAFs of 14.3 e+06 and 4.3 E+06 were  calculated for 

the l argemouth ba ss a nd yellow p erch, respectively. Figure 3 p rovides s ide-by-side box  pl ot 

distributions of  t he l argemouth ba ss a nd yellow pe rch B AFs w ith i nclusion of  t he C hebychev 

means for comparison.  

The final BAF for mercury  uptake from surface water and bioaccumulation in fish fillet tissue in 

Reach 3 of the Sudbury River utilized the geometric mean which resulted in a BAF of 7.8 E+06.   
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TABLE 1 
Filtered Methyl Mercury in Surface Water 

Reservoir #2  (Reach 3) 
May 2007 thru June 2008 

Year Date  

Filtered MeHg Concentration 
in Surface Water  

ng/L 

2007 5/14/2007 0.252 
    0.137 
    0.105 
  6/6/2007 0.402 
    0.331 
    0.361 
    0.319 
  7/17/2007 0.16 
    0.1 
    0.202 
  9/6/2007 0.056 
    0.026B 
    0.024B 
  10/9/2007 0.039B 
    0.059 
    0.038B 
    0.032B 
  3/26/2008 0.052 
    0.042 
    0.040B 
    0.042B 
  6/18/2008 0.25 
    0.095 
    0.091H 
    0.068 
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Table 2 
Summary of Total Mercury Concentrations 

Detected in Fillet Samples of Yellow Perch and Largemouth Bass  
Collected from Reservoir #2 (Reach 3) in June 2008 

Analyte Sample ID Date Collected Lab Sample ID Result Units 
        

Yellow Perch 
        

Hg S3-1-YP0001 06/05/2008 0831026-01 370 ng/g 
Hg S3-1-YP0002 06/05/2008 0831026-02 143 ng/g 
Hg S3-1-YP0003 06/05/2008 0831026-03 270 ng/g 
Hg S3-1-YP0004 06/05/2008 0831026-04 269 ng/g 
Hg S3-1-YP0005 06/05/2008 0831026-05 203 ng/g 
Hg S3-1-YP0006 06/05/2008 0831026-06 229 ng/g 
Hg S3-2-YP0007 06/05/2008 0831026-07 155 ng/g 
Hg S3-2-YP0008 06/05/2008 0831026-08 126 ng/g 

        

Largemouth Bass 
        

Hg S3-1-LB0001 06/05/2008 0832011-01 714 ng/g 
Hg S3-1-LB0002 06/05/2008 0832011-02 659 ng/g 
Hg S3-1-LB0003 06/05/2008 0832011-03 927 ng/g 
Hg S3-1-LB0004 06/05/2008 0832011-04 615 ng/g 
Hg S3-1-LB0005 06/05/2008 0832011-05 783 ng/g 
Hg S3-2-LB0006 06/05/2008 0831026-65 1010 ng/g 
Hg S3-2-LB0007 06/05/2008 0831026-66 794 ng/g 
Hg S3-2-LB0008 06/05/2008 0831026-67 690 ng/g 
Hg S3-2-LB0009 06/05/2008 0831026-68 908 ng/g 
Hg S3-2-LB0010 06/05/2008 0831026-69 547 ng/g 
Hg S3-3-LB0011 06/05/2008 0831026-70 834 ng/g 
Hg S3-3-LB0012 06/05/2008 0831026-71 1040 ng/g 
Hg S3-3-LB0013 06/05/2008 0831026-72 681 ng/g 
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Figure 1
Frequency Distribution of Bioaccumulation Factors 

(BAFs) for Largemouth Bass in
Reservoir #2 (Reach 3)    

 
 

Figure 2
Frequency Distribution of Bioaccumulation Factors 

(BAFs) for Yellow Perch in
Reservoir #2 (Reach 3)   
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Nyanza Superfund Site
Reservoir #2 (Reach 3)
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Abstract 
 
The Sudbury River in eastern Massachusetts, USA, has elevated levels of total mercury 
and m ethylmercury i n t he s ediments, s urface w ater, and f ish.  T he N yanza C hemical 
Waste D ump ( Nyanza) s ite l ocated i n A shland, M assachusetts h as b een identified as  a  
significant s ource of  m ercury t o t he dow nstream r iver ne twork. M oreover, e levated 
mercury concentrations have resulted in hazard indices (HIs) above unity (i.e., HI > 1.0) 
along po rtions of  t he river, i ndicating a  pot ential f or r isk t o hum an health vi a t he 
consumption of  m ercury-contaminated f ish.  For pur poses of  evaluating m ercury 
exposure r isk, t he S udbury R iver w as di vided i nto t en r eaches r epresenting di stinct 
habitat t ypes; f lowing r eaches, i mpoundments ( formed b y da ms) a nd w etland r eaches.  
The first major impoundment, Sudbury River Reservoir 2 ( Reach 3, B rackett Reservoir) 
has the highest concentrations of total mercury in sediment (up to 44 pa rts per million), 
followed by Reservoir 1  (Reach 4, S tearns Reservoir).  A  multi-component, differential 
mass b alance, m ercury-cycling m odel of  t he S udbury R iver w as de veloped us ing t he 
Water quality Analysis Simulation Program (WASP 7.3) to simulate the hydrodynamics, 
the s olids t ransport, a nd m ercury t ransformation a nd t ransport pr ocesses.  T his m odel, 
once calibrated, was further adapted to evaluate different remedial alternatives to assess 
how t hese d ifferent ap proaches m ight r educe s urface w ater m ethylmercury 
concentrations a nd t he a ssociated f ish t issue mercury concentrations.  By us ing a  
spatially-resolved m odel w hich c onnects t he r eservoir s ystem j ust dow nstream of  t he 
Nyanza s ite al l t he w ay t hrough t he G reat M eadows N ational Wildlife R efuge 
(GMNWR), t he m odel permits ev aluation o f t he ef fectiveness o f d ifferent r emedial 
alternatives not  only in the reach in which an alternative was implemented, but  also on 
successive downstream r eaches.  For example, p rojected m ercury concentrations i n t he 
Great Meadow Wildlife Refuge can be evaluated when remediation is focused solely on  
Reservoir 2 (12 miles upstream).  Major types of remedial alternatives evaluated include: 
monitored na tural r ecovery ( MNR), e nhanced natural r ecovery ( i.e., t hin-layer s and 
placement), in situ capping (using  AquaBlok®, a clay- and polymer-based material) and 
sediment removal via dredging (with and without subsequent capping). 
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1. Introduction 
 

This w ork f ollows upon pr evious w ork w hich d escribes t he S udbury R iver s ystem 
(from R eservoir 2  i n Ashland, M A dow n t hrough t he G reat M eadows N ational 
Wildlife Refuge in Wayland, MA) and the t ransport and t ransformation of mercury 
under present conditions (Volume 1,  USEPA 2010).  T he computer modeling effort 
described i n V olume 1 doe s not  c onsider t he e ffects of  a ny a ctive r emedial 
alternatives, rather it describes the present-day conditions and was, therefore, dubbed 
the “B ase C ase.”  T he Water qua lity Analysis Simulation P rogram ( WASP7, v7.3  
USEPA 2009)  w as us ed t o de velop a  m odeling framework f or t he B ase C ase a nd 
different r emedial al ternatives t o s imulate m ercury co ncentrations i n s urface w ater 
(hereafter referred to as the “Sudbury River model,” “WASP” model, or “model”).  In 
determining t he Base C ase, t he W ASP S udbury R iver m odel w as c alibrated t o 
represent t he e xisting c onditions of  t he S udbury River a nd ho w s imulated m ercury 
concentrations w ould pr oject t o a ttenuate ove r t ime unde r n atural c onditions.  T he 
completed  B ase C ase allows f or t he ev aluation an d co mparison o f a r ange o f 
different active remedial alternatives.  A site-specific Bioaccumulation Factor (BAF), 
as described in Appendix B of Volume 1 (USEPA 2010), allows for the calculation of 
projected f ish-tissue c oncentration o f m ercury ba sed on t he s imulated di ssolved 
methylmercury w ater concentrations.  T he m odel-predicted r esults f rom va rious 
active r emedial al ternatives ar e t hen co mpared and ev aluated t o as sess the r elative 
effectiveness of each.   
 
For e ach o f t he a ctive r emedial al ternatives, a “Clean C ase” and a “Contaminated 
Case” are simulated, in the same way as was done for the Base Case as presented in 
Volume 1 ( 2010).  F or the C lean C ase, t he c oncentrations of  m ercury ( elemental, 
(Hg(0)), divalent mercury (Hg(II)), and methylmercury (MeHg)) in all water flowing 
into a nd t hrough t he S udbury R iver s ystem a re a ssumed t o be  a  r esult of  t he 
atmospheric deposition and watershed loading of mercury only (i.e., in the absence of 
any h istorical N yanza m ercury).  F or t he C lean C ase, t he i nitial co ncentrations1

 

 of 
mercury are all zero.   

For t he C ontaminated Case, t he i nitial c oncentrations c orrespond t o t he c urrent 
conditions as measured presently in the river inclusive of the historic Nyanza-related 
mercury (i.e., the Base Case) or adjusted according to the active remedial alternative 
being evaluated (see S ection 2 f or f urther de tails).  F or bot h t he C lean a nd t he 
Contaminated Case, t he i nitial concentrations for each of  t he solids t ypes ( silts and 
fines, s ands, or ganic m atter) a re e stablished us ing t he Base C ase or  a djusted, a s 
appropriate, f or t he a ctive r emedial al terative b eing ev aluated.  The i nitial 
concentrations f or t he solids a re t he s ame f or bot h t he C lean C ase a nd t he 

                                                 
1 Initial concentrations are the concentrations of Hg(II), MeHg, and Hg(0) in a given medium (sediment, 
water column) at the start of the model, before any transport or transformation occurs and before any loads 
or inflowing concentrations affect the simulation.  These conditions are before atmospheric deposition and 
watershed loading influences the system. 
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Contaminated Case, since each scenario is subjected to these changes in the structure 
of the solids concentrations.  
 
Active r emedial a lternatives w ere evaluated along por tions of  t he S udbury R iver  
where there was a potential risk due to the ingestion of mercury-contaminated fish (as 
indicated b y a  H I >  1.0 ).  M oreover, w ithin t hese r eaches, t otal m ercury sediment 
concentrations were also used to differentiate between remedial scenarios (i.e., above 
2 and 10 ppm , respectively). Mercury concentrations in sediments along with the HI 
for t he r ecreational ch ild an gler ar e p resented i n T able 1 .  A  v ariety o f d ifferent 
remedial al ternatives w ere d eveloped and ar e l isted i n T able 2 .  B y c ombining t he 
information in Table 1 w ith the construct of Table 2, T able 3 p resents the full set of 
remedial alternatives evaluated in this modeling effort. 
 
It should also be noted that the results presented in this Volume are further described 
and have been incorporated into the Nyanza Chemical S ite (OU4 – Sudbury River) 
Draft F easibility S tudy (FS) be ing pr epared b y N obis E ngineering, Inc.  T he F S 
quantifies t he t otal es timated co st an d b enefits as sociated w ith each  o f t he act ive  
remedial alternatives and assesses the ability of each alternative to attain Preliminary 
Remedial G oals (PRGs).  In addition, t he FS includes a  di scussion o f e levated 
background mercury co ncentrations ( a w ell-documented t rend i n t he no rtheast a nd 
elsewhere) and how this affects decision-making for the Nyanza site.  Finally, the FS 
examines a dditional f acets r elative to  th e imp lementation o f a ny a ctive r emedial 
alternative s uch as: s ite access, e ngineering controls, a nd m igration of  resuspended 
sediments which typically occurs during sediment dredging (for further details see the 
Feasibility Study). 
 
Section 2 describes each of the active remedial alternatives in more detail.  H ere the 
model parameterization and the assumptions necessary are discussed, and the changes 
in the Base Case model are described.   
 
Section 3 pr esents t he out puts f or e ach of  t he modeled alternatives an d p resents a 
discussion of  t he r esults w ith i mplications t o be  c onsidered w hen m aking remedial 
decisions. 
 

2. Implementation of  R emedial Alternatives i nto the 
Sudbury River WASP Model  

 
The computer model, as described in Volume 1,  describes the Base C ase, to which 
other act ive remedial al ternatives can be compared.  F or reference in this document 
(and to dovetail with nomenclature used in the Nyanza FS), the Base Case is referred 
to as Alternative 3A or Monitored Natural Recovery (MNR) as it assumes no active 
remediation i s i mplemented.  A gain, each alternative cas e h as a C lean C ase an d a 
Contaminated Case.  F or the Clean Case, the initial concentrations for all species of 
mercury are a rtificially set t o z ero, and bounda ry conditions a re b ased on t hose 
measured cu rrently i n t he r iver/watershed ( these ar e d etailed i n V olume 1  an d 
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presented again he re i n Table 4) .  The s olids c oncentrations a re t he s ame f or t he 
Clean and Contaminated Case and are also based on those measured currently in the 
river/watershed.  For the evaluation of remedial alternatives, the initial concentration 
of m ercury (all s pecies) i n t he C ontaminated C ase or  t he composition of  bot tom 
sediment ( e.g., pe rcent solids) va ries a ccording t o t he r emedial a lternative be ing 
evaluated. T he i nitial conditions f or e ach o f t he a lternatives are pr ovided i n t he 
Appendix. 
 
To fully capture t he d ynamics of  t he Sudbury R iver h ydrology, solids ba lance, and 
mercury cycling processes, the Sudbury River was segmented into a finer resolution. 
Accordingly, the WASP model for the Sudbury River was constructed by dividing the 
Sudbury River study area into 33 discrete “segments”,  as shown in Figure 1.  Each 
segment represents a  s ection of  t he S udbury R iver, w ith a s urface w ater l ayer an d 
multiple underlying sediment layers.  The Sudbury River WASP model consists of a 
total 118 s egments.  S egments 1  – 33 are s urface w ater s egments, s tarting w ith 
segment 1 at the start of the Reservoir 2 traveling downstream to segment 33 at the 
end of the GMNWR.  Underlying these surface water segments are multiple sediment 
layer segments, which generally increase in number going downstream.  For most of 
the River (all regions downstream of  Reservoir 1 ), there are two sediment l ayers, a  
surface benthic layer and a thicker, deeper subsurface benthic layer.  In modelling the 
Reservoirs, there a re f our sediment la yers. For t he f inal s egment of  Reservoir 2 
(segment 5) ,there i s a n additional s urface w ater s egment be low t he l ast 300m ; th is 
was added to represent the deeper water, which is located just upstream of the dam,  
All surface water and sediment WASP segments are presented in Tables A-1 and A-2 
(included i n t he a ppendix).  A gr aphical r epresentation of  e ach r each i s pr ovided 
Figures 2 through 7 and a GIS representation is given in Figures 8 through 13. 

2.1. Alternative 3A: Base Case (MNR) 
 

Alternative 3A is the Base Case for which all other alternatives are compared.  These 
modeling r esults were t he f inal r esults de veloped a nd r eported i n V olume 1.  T he 
simulation was run for 32 years to demonstrate how the system changes over a period 
of time .  T he r esult o f Alternative 3A were cal culated i n t he absence o f an y a ctive 
remediation an d h ence a re r epresentative o f any natural r ecovery that might o ccur.  
The initial conditions for Alternative 3A are presented in the Appendix, Table A-1. 

2.2. Alternatives 3B and 3C: Enhanced Natural 
Recovery (Thin-layer Sand Capping) 

 
Alternatives 3 B and 3C  i ncorporate t he pl acement of  a 6”  ( 10 cm) l ayer of  s and.  
Thin-layer s and cap ping n ormally accelerates natural r ecovery t horough s everal 
processes, i ncluding i ncreased di lution t hrough b ioturbation of  c lean s ediment w ith 
underling c ontaminants ( USEPA, 2005) .  F or A lternative 3B , s and i s pl aced w here 
HgT c oncentrations uni formly e xceed 10 m g/kg i n s urface s ediment; th is in cludes 
only t he f inal s ection of  R eservoir 2  ( Reach 3 ), and c orresponds t o W ASP s urface 
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water s egments 5 .  F or A lternative 3 C, s and i s p laced o ver s ediment where HgT 
concentrations ex ceed 2  m g/kg i n s urface s ediment; t his i ncludes S udbury R iver 
Reaches 3, 4  and 6, which correspond to WASP surface water segments 1 – 5, 6 - 7, 
and 15 – 17.  In t hese s ections of  t he S udbury River, t he unde rlying s ediment 
segments were initialized as having characteristics of sand: porosity of 0.42, density 
of 1.55x 106 g/m3 (Juma, 1999) .  T he p artition c oefficient m atches t hat us ed i n 
Volume 1 f or s and ( 1000 L/kg f or H g(II) and 100 L/kg f or M eHg).  Initial 
concentrations of solids in these sediment segments were changed to 0 mg/L silts and 
fines, 1,550,550  mg/L s ands, a nd 0 m g/L or ganic m atter f or t hese s egments. F or 
Alternative 3B, the sediment segments that were characterized as sand were 34 – 38 
and 101  (Reach 3). For Alternative 3C, the sediment segments were 34 – 38 and 101 
(Reach 3), 39 – 40 (Reach 4), and 48 – 50 (Reach 6). Introducing the layer of sand 
results i n ha ving all pr evious s ediment s egments be ing pus hed dow n t o a  d eeper 
layer, so the characteristic of the new layer is what was previously a layer above i t. 
This c an b e b est illu strated b y lo oking a t F igure 8, s howing t he s egmentation f or 
Reach 3.  For water segment 4, s egment 37 is given the characteristics of pure sand, 
Segment 70 is defined using the characteristics of sediment segment 37 from the Base 
Case, Segment 108 is defined as sediment segment 70 in the Base Case, and Segment 
115 i s de fined us ing the s ediment s egment 108 f rom t he B ase Case. T he 
characteristics for the Base case 115 are no longer incorporated into the model as it is 
now pus hed out  o f t he model dom ain. T he i nitial c onditions a re pr esented i n t he 
Appendix, Table A-2. 

2.3. Alternatives 4A and 4B: AquaBlok ® Capping (In 
situ Containment) 

 
Remedial a lternatives 4A  a nd 4B  bot h i ncorporate in situ containment us ing 
AquaBlok® f or r eaches w here mean total mercury co ncentrations ex ceed 2 m g/kg.  
AquaBlok® is a patented, composite particle technology used as a low permeability 
barrier for environmental remediation of contaminated sediments.  AquaBlok ® is a 
material comprised of  a c ombination of  be ntonite c lay with pol ymer a dditives 
covering a s mall aggregate core (AquaBlok Ltd., Toledo, OH). AquaBlok® has the 
following p hysical c haracteristic w hich w ere u sed in  th e W ASP mo del f or th e 
evaluation o f t hese al ternatives: por osity of  0.6 2 a nd de nsity of  1.28 x 10 6 g/m3 
(AquaBlok®, 2009).  A lternative 4A focuses solely on Reservoir 2 (Reach 3) which 
corresponds to model surface water segments 1 – 5.  A lternative 4B targets Reaches 
3, 4 and 6, which correspond to model surface water segments 1 – 5, 6 - 7, and 15 – 
17). As was discussed in Section 2.2 for sand capping, the sediment layers associated 
with these surface water segments that were characterized as AquaBlok® were 34 – 
38 and 101 f or Alternative 4A, and  34 – 38 and 101 ( Reach 3), 39 – 40 (Reach 4), 
and 48 – 50 (Reach 6) for Alternative 4B.  Due to limitations of the WASP model (as 
presently constructed) t he AquaBlok® c apping m aterial w as m odeled t o ha ve t he 
same physical properties as organic matter (partition coefficient to  s ilt 4  x 105 L/kg 
for H g(II) a nd 5 x  10 5 L/kg fo r M eHg) and w as assumed t o not  resuspend.  
Uncertainty i ntroduced f rom t his s implification i s di scussed i n S ection 4 .2 of  t his 
report.   In these segments, the other solids, sands and silts, were modeled as before, 
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and r esuspend a nd s ettle a s i n ot her s egments.  O rganic material is  mo deled w ith 
settling a nd r esuspension a s be fore i n a ll s egments w here AquaBlok® w as not  
introduced. 
 
For the sediment layers to which  AquaBlok® is added, the sediment layers below the 
AquaBlok® a ddition a re c haracterized b y t he s egment c haracteristics th at w ere 
previously s urface s egments.  F or e xample, f or W ASP m odel r iver w ater c olumn 
segments 1  – 5, t he u nderlying s ediment s urface l ayer s egments, 34  – 38, a re 
characterized w ith AquaBlok® ph ysical pa rameterization, a nd t he underlying 
segments, 67 – 71 ar e characterized as A lternative 3 A’s s egments 3 4 – 38, a nd 
segments 105 – 109 a re ch aracterized as A lternative 3 A’s 6 7 – 71. The i nitial 
conditions for Alternative 4A and 4B are provided in the Appendix, Tables A-3 and 
A-4 respectively. 

 

2.4. Alternatives 5 A, 5 B, 5C, a nd 5D:  S ediment 
Removal with and without Combination Capping 

 
The set of Alternatives 5A, 5B, 5C and 5D evaluate the effect of dredging different 
reaches o f t he S udbury R iver. U nlike i n o ther cap ping al ternatives w here a n ew 
sediment l ayer i s added on t op of  t he existing s ediments, i n t hese dr edging 
alternatives, sediments are removed from the system, revealing the deeper, underlying 
segments.  T he W ASP m odel s tructure f or A lternative 3A  ( Base C ase) c ontains 
sediment l ayers dow n t o 20 c m, s o f or al ternatives w here m ore t han 2 0 cm  i s 
removed, al l t he s ediment s egment l ayers underlying a s urface w ater s egment f rom 
Alternative 3 A are removed an d r eplaced w ith t he ch aracteristics o f t he s ediment 
layers t hat w ould be  be neath t hese s egments.  For t he C lean C ases, as w as done  
previously, t he i nitial c oncentrations of  a ll m ercury s pecies i s a ssumed t o be  z ero.  
For t he C ontaminated Cases, t he i nitial c onditions f or r esidual m ercury, w hich i s 
below 20 cm (post dredging), are modeled as 1 m g/kg Hg(II) and 1 u g/kg MeHg for 
all segments except the sediment layers beneath segments 1, 6, and 7, where Hg(II) is 
3 m g/kg and M eHg i s 2 ug/kg (Frazier et a l., 2000) . For bot h t he Clean a nd 
Contaminated Cases, t he solids concentrations ( i.e., s ilts, s ands, organic matter) ar e 
assumed t o b e i dentical t o t he d eepest m odeled s ediment s egment f rom t he B ase 
Case, A lternative 3A , and a re us ed for a ll s ediment s egments unde rneath t hat 
segment.   
 
Remedial A lternative 5 A c onsists o f d redging me rcury-contaminated s ediments 
where th e c oncentration o f to tal me rcury is  g reater th an 1 0 mg /kg in  a ny s ample 
interval (i.e., the majority of Reach 3).  This corresponds to WASP model segments 2 
– 5.  A 20 cm dredging depth is implemented.   
 
Remedial A lternative 5 B c onsists o f d redging i n R eservoir 2 w here t otal m ercury 
exceeds 10 mg/kg in any sample interval (Segments 2 – 5) and placement of 6 inches 
(10cm) o f AquaBlok® capping i n R each 3 ( post dr edging), and i n R each 4 and 6  
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where total mercury exceeds 2 mg/kg; this corresponds to model segments 1 – 5, 6 – 
7, and 15 – 17. Depth of dredging is 20 cm. 
 
Remedial A lternative 5 C c onsists o f d redging i n Reservoir 2  where t otal m ercury 
exceeds 2 m g/kg; t his c orresponds t o W ASP model s egments 1 – 5.  T he depth of  
dredging in this alternative is 30 cm.  The difference between Alternative 5A and 5C 
is that segment 1 is included and the depth is increased from 20 cm to 30 cm. 
 
Remedial Alternative 5D consist of dredging where the total mercury concentration in 
the sediments exceeds 2 mg/kg, with no capping.  This consists of Reaches 3, 4 and 6, 
which are WASP model segments 1 – 5, 6 – 7 and 15 – 17. The depth of dredging for 
this scenario is 30 cm for Reaches 3 and 6 and 40 cm for Reach 4. 

 
Dredging f requently results i n t he r elease o f  up t o 5%  of  s ediment back t o t he 
overlying water column (Tornado Motion Technologies, 2009).  T he Sudbury River 
dredging alternatives were simulated by removing all sediments and assuming that a 
portion (5%) is released back into the overlying water column over the period of time 
it takes for the dredging to occur.  For each of the alternatives, a different time frame 
is anticipated depending on the size and complexity of the area to be dredged.  These 
estimated times are presented in Table 5.   
 
Using the sediment layer composition from the Base Case (i.e., percent solids and Hg 
concentrations), t he t otal m ass of  e ach s olid ( sands, s ilts, or ganic matter) a nd 
associated mass of mercury (Hg(II) and MeHg) were calculated.  From these values, 
5% of the total mass was divided equally over the estimated t ime frame to conduct 
dredging ( Table 5) . T his l oad of  s olids ( mass/time) w ere a dded t o t he ove rlying 
WASP water column segment over the appropriate time scale, which corresponds to 
the length of time that it takes to dredge the sediments (see Table 5). 
  
The i nitial c oncentrations f or A lternatives 5A , 5 B, 5C , a nd 5D  are pr ovided i n t he 
Appendix Tables A-5, A -6, A-7, and A-8 respectively. The loadings i nto t he water 
column are provided in the Appendix Tables A-9, A-10 and A-11. 

2.5. Alternative 6 
 

Remedial Alternative 6  evaluates th e e ffectiveness o f a ctive r emediation within the 
Great M eadows N ational W ildlife R efuge ( GMNWR - Reach 8) .  E verything 
upstream o f R each 8  i s the s ame as t he Base C ase, A lternative 3 A.  A lternative 6  
consists of dredging the floodplain portion of Reach 8 (1,152 acres) to a depth of 25 
cm.  This conservative approach was based on limited data from the main channel as 
well a s samples collected f rom the f loodplains.  These d ata r eveal th at most o f the 
surface sediment within GMNWR are between 1 and 3 mg/kg with a slight increasing 
trend w ith de pth ( TechLaw, 2009) .  R each 8 corresponds t o W ASP m odel w ater 
column segments 25 – 33 and sediment layers 58 – 66 and 91 - 99. Similar to Section 
2.4, t he c haracteristics o f th e r esulting s ediment la yers a re c haracterized u sing th e 
concentrations measured in the historic cores collected by Frazier et al. (2000). The 



   

  7 

Hg concentrations of the sediment segments remaining and modeled in Alternative 6 
are 3 ug/kg for Hg(II) and 0.9 ug /kg for MeHg, for the top 5 c m, 1 ug /kg for Hg(II) 
and 0.7 ug /kg f or M eHg f or t he n ext 5c m. T he s ediment s olids c oncentrations a re 
modeled as being identical to the solids concentrations of the deepest sediment layer 
(i.e., sediment layers 58 – 66 have the same solid concentrations as 91 – 99, 91 – 99 
have the same solids concentrations as before because these are the deepest modeled 
sediment la yers). T he i nitial c onditions f or th e s ediments are p resented in  th e 
Appendix i n T able A -11.  T his dr edging al ternative i s as sumed t o n ot r elease 
sediments ba ck t o t he w ater c olumn a s i t w as a ssumed t his w ould be  implemented 
under dry conditions.  

3. Remedial Alternatives Model Output Results  
 

The dissolved MeHg surface water concentrations were simulated for each alternative 
for a  3 2-year t ime p eriod, w ith ea ch al ternative i ncluding a C lean C ase  an d a  
Contaminated Case scenario.  T he results of the two cases were summed to provide 
the c ombined c ase representing pr ojected m ercury concentrations i n t he S udbury 
River system due to atmospheric loading and historical loading from the Nyanza Site. 
A previous national study by Brumbaugh et al. (2001) suggested that MeHg in water 
has a strong correlation (correlation of log (MeHg in water) to log(Hg in fish/length) 
= 0.712 for largemouth bass, p<0.001) to fish tissue concentrations. Accordingly, the 
output of the model was converted from dissolved surface water MeHg to projected 
fish tissue concentration using a site-specific bioaccumulation factor (BAF).  Because 
the W ASP m odel s egmentation of  t he S udbury R iver i s m ore r efined t han t he 
Sudbury R iver “ Reach” de lineations, t he M eHg concentrations f or all W ASP 
segments within a reach were averaged into a single annual mean for the entire reach.  
The f ish t issue co ncentration w as calculated u sing a  B AF o f 7.8x 106 L/kg ( see 
Volume 1, A ppendix).  The fish were assumed to represent a 3-year-old fish, so the 
annual m ean c oncentration f rom year 1 w as a ssumed t o t ranslate t o t he f ish t issue 
concentration of 3 years later (i.e., year 4).  The hydrologic flow of the Sudbury River 
was m easured o ver a 2 -year p eriod a nd assumed t o r epeat f or t he dur ation of  t he 
model.  T he m odel-predicted a nnual f ish t issue c oncentration w as t hen f urther 
averaged into a single fish tissue Hg concentration (i.e., year 4 and 5 were averaged 
resulting in a concentration at time = 4.5 yrs).  T he results are plotted in Figures 14 
through 22. The raw data is provided in the Appendix.  The results for each reach are 
discussed below. Because Alternative 6 only impacts Reach 8, i t is only discussed in 
the context of that reach and is only presented in Figure 22. 
 
The projected f ish t issue concentrations a re grouped b y r emediation a lternative and 
presented in Figures 13 - 18.  All alternatives and reaches are presented in Figures 19-
21 f or R eaches 3, 4 a nd 8.  F igures 13 pr esents A lternatives 3A , 3B  a nd 3C  f or 
Reaches 3 – 5, and Figure 14 presents Alternatives 3A, 3B,and 3C for Reaches 6 – 8.  
Figures 15 pr esents Alternatives 3A, 4A, and 4B for Reaches 3 – 5, and F igure 16 
presents A lternatives 3 A, 4A , a nd 4B  f or R eaches 6 – 8.  F igure 17 pr esents 
Alternatives 3A , 5A , 5B , 5C  a nd 5D  f or R eaches 3 – 5, a nd F igure 18 pr esents 
Alternatives 3A, 5A, 5B, 5C and 5D for Reaches 6 – 8. All figures are presented on 
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the same scale of 0 to 1 mg Hg/kg fish tissue. The Preliminary Remedial Goal (PRG) 
of 0.48 m g/kg in fish t issue is presented on all figures as a point of reference.  T he 
alternatives of the same number are plotted in the same color on all figures. Figure 19 
presents all alternatives for Reach 3, Figure 20 presents all alternatives for Reach 4, 
and Figure 21 presents all alternatives for Reach 8. 
 
For R each 3 , al l act ive remedial al ternatives ar e i mprovements o ver t he B ase C ase 
(Alternative 3 A), d emonstrating th at a ll o f th ese a lternatives w ill r educe th e f ish 
tissue concentrations to below the PRG within the duration of the model simulation 
(32 years).  A lternative 3A, M NR, s hows j ust unde r a  10 % de crease i n fish t issue 
concentration over the simulation, and is just approaching the PRG.  A lternative 3B 
provides a  r eduction o f 15%  w ith a  fish t issue c oncentration of  0. 47 m g/kg.  
Alternatives 3C , 4A , 4 B, a nd 5B  ha ve t he greatest r eductions i n f ish t issue H g 
concentrations, and result in final fish tissue Hg concentrations of approximately 0.43 
mg/kg, with a reduction of 22%. Alternatives 5A, 5C, and 5D provide approximately 
a 20% reduction, with fish tissue concentrations of approximately 0.45 mg/kg, which 
slightly higher than Alternatives 3B, 3C, 4A, 4B,  and 5B. 
  
For Reach 4 , al l act ive remedial al ternatives ar e i mprovements o ver t he B ase C ase 
(Alternative 3A).  All of the alternatives result in projected fish tissue concentrations 
below the PRG.  Alternative 3A results in slight reduction of fish tissue Hg over the 
length of  t he run. A lternatives 3 B t o 5D  a ll r educe t he pr ojected fish t issue 
concentrations immediately after the alternative i s implemented. Alternative 3C, 4B 
and 5B  pr ovide t he l argest reduction, l owering fish t issue H g concentrations t o 
approximately 0 .15 m g/kg, c orresponding t o a pproximately a  45%  reduction.  
Alternative 3B , 5A , 5C, a nd 5D  r educe f ish t issue H g c oncentrations t o 
approximately 0.19 mg/kg, for approximately a 30% reduction.   
 
Reaches 5 , 6  and 7 exhibit s imilar r esults.  A ll A lternatives, i ncluding Base C ase 
(Alternative 3A), are immediately below the PRG.  
 
For Reach 8, m ost of the alternatives result in an only a modest improvement in the 
projected fish tissue Hg concentration and none of the alternatives result in fish tissue 
concentrations below the PRG in the time frame evaluated.  A lternative 5B and 5D 
result i n f ish t issue H g co ncentrations h igher t han t he B ase C ase ( Alternative 3 A) 
most l ikely due  t o sediment resuspension.  A lternative 5B  ha s i nitial f ish 
concentrations be low Alternative 5 D, an d h as a  s teeper s lope as  i t d ecreases o ver 
time. Since the simulation was stopped by year 35, it is unclear the long term shape of 
the c urve for bot h 5 B and 5D .  It s eems t hat pa st 35 years Alternative 5B  m ay 
continue to decrease to below the Base Case (Alternative 3A), while Alternative 5D 
may take much longer.  The most significant reduction within a reasonable period of 
time ( i.e., l ess t han 3 5 years) f or R each 8  i s A lternative 6  w hich evaluates t he 
dredging of  > 1000 a cres of  w etlands; how ever t his r eduction onl y marginally 
outperforms na tural r ecovery (Alternative 3A ). T he f inal pr ojected f ish t issue 
concentration for reach 8 under MNR is 0.57 mg/kg after 5 yrs and 0.56 mg/kg after 



   

  9 

30 yrs, where as dredging (alternative 6) resulting  in 0.51 mg/kg after 5 yrs and 0.48 
mg/kg after 30 yrs. 
 

4. Discussion 

4.1. Remedial Alternatives 
 
For R eaches 3 t hrough 7, R emedial A lternatives 3A  t hrough 5D  a ll pr oject a  
reduction in f ish t issue Hg concentrations to varying degrees over t ime.  In general 
(excluding R each 8 ), A lternative 3A  ( the M onitored N atural R ecovery/Base C ase) 
depicts a slow decrease in fish tissue Hg concentrations throughout the length of the 
analysis, suggesting that the influence of the historic Nyanza site mercury continues 
to s lowly d ecrease over t ime.  H owever, f or t he dur ation of  t he m odel s imulation  
MNR does not project a reduction in fish tissue Hg concentrations to below the PRG 
in Reaches 3 or 8, and is already below the PRG in some of the other reaches. 
 
Alternatives 3B and 4A involve capping within Reach 3 ( Reservoir 2), which could 
result in Reach 4  and 6  (where elevated Hg concentrations in sediment are p resent) 
continuing t o be  s econdary s ources of  m ercury t o dow nstream r eaches.  T he 
simulated results demonstrate that Alternative 4A is similar to Alternative 3B and 4B 
in Reach 3.  For these alternatives, the fish tissue Hg concentration is lower in Reach 
4 than Alternative 3A, suggesting that the upstream impact of Reach 3 on Reach 4 has 
been reduced or removed when capping of Reach 3 is implemented, resulting in lower 
fish t issue H g c oncentrations, but  f ish t issue H g c oncentrations a re not  a s l ow i n 
Reach 4  as  when Alternative 3C is implemented and Reach 4  i tself i s capped.  T he 
comparison of  4A  t o 4B  he lps i dentify t he i nfluence of  Reach 3 on dow nstream 
reaches.  Because no simulations were performed capping only Reach 4 or Reach 6, 
the distinction between capping these with or without Reach 3 cannot be specifically 
addressed. 
 
The largest r eduction in f ish t issue Hg concentration for al l reaches i s achieved v ia 
Alternatives 3C and 4B (these being the more comprehensive capping alternatives).  
Both Alternative 3C  ( thin l ayer s and pl acement) and 4B (AquaBlok®) c ontemplate 
capping of Reaches 3, 4 and 6.  The model simulation results suggest that by capping 
the highest areas of elevated mercury in sediment, the fish tissue Hg concentrations in 
downstream reaches will be  r educed.  D espite t he r eduction, t he model s imulations 
results suggest that elevated fish tissue Hg concentrations will still persist in Reach 8 
(GMNWR).  Additional rationale and discussion of this result is provided below  
 
The dr edging s cenario (Alternatives 5A  t hrough 5D ) s imulation pr ovides s ome 
insight into the impact of dredging and how the location of dredging affects not only 
the r each w here t he d redging i s i mplemented b ut al so d ownstream r eaches.  F or 
example, in Reach 3 and 4, Alternatives 5A, 5C, and 5D predict similar fish tissue Hg 
concentrations.  T hese a lternatives a ll i nclude dr edging of  R each 3, a nd t herefore 
have similar results in Reach 3.  However, after Reach 3, Alternatives 5A and 5C are 



   

  10 

effectively i dentical, s howing t he i mpact of  removing t he R each 3 m ercury on 
lowering downstream concentrations.  Because Reach 3 is effectively a large settling 
basin, i t seems that the resuspension of d redge material does not t ravel appreciably 
downstream f rom t he r eservoir, r ather i t s eems t he m ajority of  r esuspended s olids 
(and mercury) would return to the sediment layer within Reach 3. Therefore, based on 
the model-predicted results, it is  not hypothesized that limited dredging significantly 
upstream (i.e., in the Reservoirs) would result in a noticeable contribution of mercury 
to downstream reaches such as the GMNWR. 
 
There i s no a lternative t hat w as r un w ith j ust dr edging R each 3 a nd 4 w ithout 
dredging R each 6, s o t he r esults ha ve t o b e i nvestigated t ogether.  In R each 3, t he 
impacts of Alternative 5D, sediment removal from Reach 3 and Reach 4 results in a 
slightly higher initial fish tissue Hg concentration than Alternatives 5A and 5C, which 
decreases r elatively q uickly an d t hen t he p redicted l ine m erges w ith t he m odel 
predicted c oncentrations of  A lternatives 5A  and 5C .  F arther do wnstream, pa st t he 
reservoir system (Reaches 3 and 4), the impact of the release of the dredge material 
from Reach 6 becomes more pronounced.  Alternative 5B and 5D have higher initial 
fish tissue Hg concentration, which continue for the early years of the simulation and 
then decrease over time. The high concentrations from Alternative 5B result from the 
combination of sediment removal and capping.  For Alternative 5D, the removal from 
Reaches 3,  4, a nd 6, ov er an appreciably longer time frame than the other sediment 
removal pr ocesses, r esult i n a  l ong-term s ource of r esuspended m ercury a nd s olids 
that t ravel d ownstream.  T he i ncreased H g(II) co ncentrations methylated as t hey 
travel along the length of the Sudbury River, and upon reaching the high methylation 
rates in the GMNWR, result in higher MeHg concentrations and the associated higher 
fish tissue Hg concentrations. 
 
In R each 8 , t he ef fect of t he r eleased d redged m aterial o n d ownstream r eaches 
becomes c learer.  A lternative 5D  r emoves s ediment f rom R eaches 3, 4, a nd 6, a nd 
simulations p redict d ecreases in  f ish tis sue H g concentrations in  upstream r eaches, 
but results in the highest fish tissue Hg concentrations in Reach 8. Alternative 5B is 
just below Alternative 5D with a much steeper slope than Alternative 5D, resulting in 
a f aster a pproach t o t he P RG. F or Alternative 5 D, M eHg and H gT c oncentrations 
remain high, suggesting that the system responds slowly to the extent of dredging in 
this al ternative. T he d isturbance o f t he s urface s ediment l ayer i n t hree R eaches 
(possibly dominantly from Reach 6) results in releasing a large amount of solids and 
mercury to transport downstream.  The solids and mercury settle to the surface of the 
sediment layer, and results in a new particle size distribution, which seems to impact 
the cycling of  mercury within the system. The system does not  return to Base Case 
conditions during the model simulation of Alternative 5D or 5B.  Reach 8 effectively 
acts a s a s ettling l ocation f or i ncoming m ercury and s olids, how ever t he s hallow 
depth results i n a  constant s tirring up a nd depositing of  mercury and solids a s t hey 
traverse t he G MNWR. B ecause w etlands a nd w etting/drying z ones i n t he 
environment have been associated with increased methylation potential, the GMNWR 
has increased potential methylation compared to the rest of the Sudbury River system. 
As mercury reaches the GMNWR, there is appreciable time for Hg(II) to methylated 



   

  11 

to MeHg and the thin layer of water allows active interaction (settling, resuspension, 
dispersion) with the underlying sediments.  T he large surface area of  the f loodplain 
additionally provides a large area for MeHg and results in a large flux of MeHg from 
the sediment to the surface water. The model simulations and current mercury science 
suggest t hat i f a l arge a mount of  s uspended s olids a nd m ercury (both Hg(II) a nd 
MeHg) were released during a large event (the largest dredging event is  Alternative 
5D), t hen t he s ystem w ould r ecover relatively quickly i n t he f ast f lowing r eaches 
upstream, but the large, slow flowing system and high ethylating region of Reach 8  
would take significantly longer to recover. This result is not surprising given that the 
conditions within GMNWR, where seasonal flooding and drying over a vast riparian 
wetland bor dering t he Sudbury R iver c reate i deal c onditions f or m ethylation of  
mercury.  As has been noted in previous studies of this reach (Waldron et al, 2000), 
GMNWR has very high methylmercury production even when compared with other 
wetland systems. 
 
Alternative 6 is the only active remedial alternative that specifically targets GMNWR 
so, a s e xpected, no ot her a lternative d oes as  w ell as  A lternative 6  i n r educing f ish 
tissue concentrations in Reach 8.  

4.2. Model Uncertainty 
 

All enviromental models are s implifications of complex systems, and therefore will 
never e xactly pr edict obs ervations.  It i s t herefore i mportant t o und erstand t he 
uncertainty i n a  given model a nd t o unde rstand w here i ts bi ases m ay be ( USEPA, 
2009).  U ncertainty due to the implementation of the WASP model for the Sudbury 
River i tself w ere p resented i n m ore d etail i n V olume 1 .  T hese ar eas i nclude t he 
following: 
 

• WASP solids transport and WASP segmentation, 
• Flood plain geometry 
• Groundwater influence 
• Two-year hydrologic cycle 
• Influence of boudnary concentrations 
• Methylation rate constants 
• Unforeseen changes affecting the Sudbury River system model 

 
Model uncertainty th at d eals s pecifically w ith th e r emedial a lternatives d etailed in  
this volume are discussed in more detail below. 
 
The number of types of solids (i.e., sands, fines, particulate organic matter) allowable 
in W ASP is  th ree p lus the in ternal s olid, c obbles, w ithout r eprogramming of  t he 
WASP ar chitecture.  T herefore AquaBlok® w as m odeled as  o rganic m atter, with 
identical pr operties. A nother s ource o f unc ertainty f or t he AquaBlok® c apping 
scenarios was that AquaBlok® was assumed to not resuspend. To do this, all WASP 
model segments that had AquaBlok® added had resuspension of organic matter set to 
zero.  T herefore, an y o rganic m atter t hat en tered a W ASP model w ater co lumn 
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segment w ith a n unde rlying AquaBlok® s ediment s ample a nd t hen s ettled t o t he 
sediment layer would not resuspend.  T his would increase the rate of burial in these 
zones a nd de crease t he a mount of  i nteraction vi a r esuspension of  s ettled or ganic 
material, resulting in potentially sequestering more mercury than may be occurring. 

 
The influence of groundwater on t he capping implementation is unknown. in regard 
For gaining sections of  the r iver, a s ignificant upward f low of groundwater through 
the s ediments co uld i mpact t he i ntegrity o f an y capped l ayers.  For ex ample, 
appreciable upward flow could result in a fracturing of the integrity of AquaBlok®. If 
the cap were fractured or preferential flow pathways developed then the ability of the 
cap to reduce the upward flux of mercury from sediments to the surface water would 
be compromised. 
 
The PRG was developed following the assumptions about fish consumption that were 
presented i n t he 2006 Human H ealth R isk A ssessment, t hus t hey r epresent t hree-
species h ybrid [ the H HRA a ssumes e qual a mounts of  ba ss, pe rch a nd c atfish a re 
consumed].  H owever, the BAF used in this modeling effort was based on only two 
species ( bass an d p erch) w hich w ere co llected i n 2 008.  G enerally t he species n ot 
included (catfish) were very close to the mean concentration of the other two, but in 
some r eaches i t was h igher, w hile in  o thers it w as lo wer.  T he a pplication o f a  2 -
species BAF to a 3-species PRG is another source of uncertainty. 
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Table 1. Summary Information for Modeled Reaches 
 

Metric Units Reach 
3 4 5 6 7 8 

Hazard Index, Recreational 
Angler Child 

-- 2.1 1.3 0.9 1.3 1 1.3 

HgT Sediment (mean)  ug/kg 15,000 6,590 1,050 2,530 300 470 
HgT Sediment(median) ug/kg 12,600 7,550 940 1,900 130 390 
MeHg Sediment (mean) ug/kg 6.66 2.09 2.66 2.51 0.927 2.59 
MeHg Sediment (median) ug/kg 5.6 2.15 1.63 1.85 0.382 2.41 

 



   

  17 

Table 2. Remedial Alternatives Summary 
 

Alternative Remedial Action 

3A Monitored Natural Recovery (MNA) 
 

3B 

Enhanced Natural Recovery,  
Placement of sand where Sediment Total Mercury uniformly exceeds 10 

mg/kg 
 

3C 
Enhanced Natural Recovery,  

Placement of sand where Sediment Hg > 2 mg/kg 
 

4A 
In situ Containment with AquaBlok® where Sediment Hg > 2 mg/kg in 

Reach 3 only 
 

4B 
In situ Containment with AquaBlok® where Sediment Hg > 2 mg/kg 

throughout the whole Sudbury River 
 

5A Sediment Removal where Sediment Hg > 10 mg/kg (regardless of depth) 
 

5B 

Sediment Removal where Sediment Hg  > 10 mg/kg (regardless of 
depth) and In situ Containment with AquaBlok® where sediment Hg > 2 

mg/kg 
 

5C Sediment Removal where sediment Hg > 2 mg/kg, in Reach 3 only 
 

5D 
Sediment Removal where sediment Hg > 2 mg/kg,  

throughout the whole Sudbury River (excluding Reach 8) 
  

6 Sediment Removal in wetlands where sediment Hg > 2 mg/kg 
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Table 3. Remedial Alternative Implementation Corresponding to Reach 
 

Alternative Reach 
3 4 5 6 7 8 

3A MNR MNR MNR MNR MNR MNR 
3B ENR MNR MNR MNR MNR MNR 
3C ENR ENR MNR ENR MNR MNR 
4A Capping MNR MNR MNR MNR MNR 
4B Capping Capping MNR Capping MNR MNR 

5A Partial 
Removal MNR MNR MNR MNR MNR 

5B 
Partial 

Removal/ 
Capping 

Capping MNR Capping MNR MNR 

 
5C Removal MNR MNR MNR MNR MNR 

5D Removal 
 

Removal 
 

MNR 
 

Removal 
 

MNR MNR 

6 MNR MNR MNR MNR MNR 
Removal/ 
Wetland 

Restoration 
 
Notes: 
MNR: Monitored Natural Recovery 
ENR: Enhanced Natural Recovery (thin layer capping of 6” sand) 
Capping: In situ containment with 6” of AquaBlok ® 
Partial Removal: sediment removal where sediment Hg > 10 mg/kg 
Removal: sediment removal where sediment Hg > 2 mg/kg
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Table 4. Seasonal Variability of Boundary Concentration Conditions for Hg(II) and MeHg.  
 

Date Hg(II)  
[ng/L] 

MeHg  
[ng/L] 

9/23 3.76 0.08 
12/23 2.74 0.028 
3/20 3.76 0.08 
6/20 4.68 0.208 
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Table 5. Times for Dredging for Remedial Alternatives 5A, 5B, 5C, and 5D. 
 

Remedial Alternative Time for Dredging 
5A 43 days 
5B 43 days 
5C 73 days 
5D 165 days 
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Table 6. Alternative 3A (Base Case). Simulated Fish Tissue Concentrations. 
  

Year Reach 3 Reach 4 Reach 5 Reach 6 Reach 7 Reach 8 
4.5 0.55 0.27 0.43 0.46 0.47 0.57 
6.5 0.55 0.27 0.43 0.46 0.47 0.57 
8.5 0.55 0.27 0.43 0.46 0.47 0.57 
10.5 0.55 0.27 0.42 0.45 0.47 0.57 
12.5 0.55 0.27 0.42 0.45 0.46 0.57 
14.5 0.54 0.26 0.41 0.45 0.46 0.57 
16.5 0.54 0.26 0.41 0.44 0.46 0.57 
18.5 0.54 0.26 0.41 0.44 0.46 0.57 
20.5 0.53 0.26 0.40 0.44 0.45 0.57 
22.5 0.53 0.25 0.40 0.44 0.45 0.57 
24.5 0.53 0.25 0.39 0.43 0.45 0.56 
26.5 0.53 0.25 0.39 0.43 0.44 0.56 
28.5 0.52 0.25 0.38 0.43 0.44 0.56 
30.5 0.52 0.25 0.38 0.43 0.44 0.56 
32.5 0.52 0.24 0.38 0.42 0.44 0.56 
34.5 0.52 0.24 0.37 0.42 0.43 0.56 

Notes:  >0.48 (PRG), 0.43 – 0.48, <0.43 (background/reference concentration) 
 
Table 7. Alternative 3B. Simulated Fish Tissue Concentrations.  
 

Year Reach 3 Reach 4 Reach 5 Reach 6 Reach 7 Reach 8 
4.5 0.47 0.19 0.30 0.35 0.35 0.56 
6.5 0.47 0.19 0.30 0.35 0.35 0.55 
8.5 0.47 0.19 0.30 0.35 0.35 0.55 
10.5 0.47 0.19 0.30 0.35 0.35 0.54 
12.5 0.47 0.19 0.30 0.35 0.35 0.54 
14.5 0.47 0.19 0.29 0.35 0.35 0.54 
16.5 0.47 0.19 0.29 0.35 0.35 0.54 
18.5 0.47 0.19 0.29 0.35 0.35 0.53 
20.5 0.47 0.19 0.29 0.34 0.35 0.53 
22.5 0.47 0.19 0.29 0.34 0.35 0.53 
24.5 0.47 0.19 0.29 0.34 0.35 0.53 
26.5 0.47 0.19 0.29 0.34 0.34 0.52 
28.5 0.47 0.19 0.29 0.34 0.34 0.52 
30.5 0.47 0.19 0.29 0.34 0.34 0.52 
32.5 0.47 0.19 0.29 0.34 0.34 0.52 
34.5 0.46 0.19 0.29 0.34 0.34 0.52 

Notes:  >0.48 (PRG), 0.43 – 0.48, <0.43 (background/reference concentration) 
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Table 8. Alternative 3C. Simulated Fish Tissue Concentrations.  
 

Year Reach 3 Reach 4 Reach 5 Reach 6 Reach 7 Reach 8 
4.5 0.43 0.16 0.24 0.30 0.30 0.53 
6.5 0.43 0.15 0.24 0.30 0.30 0.53 
8.5 0.43 0.15 0.24 0.30 0.30 0.53 
10.5 0.43 0.15 0.24 0.30 0.30 0.52 
12.5 0.43 0.15 0.24 0.30 0.30 0.52 
14.5 0.43 0.15 0.24 0.30 0.30 0.52 
16.5 0.43 0.15 0.24 0.30 0.30 0.52 
18.5 0.43 0.15 0.24 0.30 0.30 0.52 
20.5 0.43 0.15 0.24 0.30 0.30 0.51 
22.5 0.43 0.15 0.24 0.30 0.30 0.51 
24.5 0.43 0.15 0.24 0.30 0.30 0.51 
26.5 0.43 0.15 0.24 0.30 0.30 0.51 
28.5 0.43 0.15 0.24 0.30 0.30 0.51 
30.5 0.43 0.15 0.24 0.30 0.30 0.51 
32.5 0.43 0.15 0.24 0.30 0.30 0.51 
34.5 0.43 0.15 0.24 0.30 0.30 0.50 

Notes:  >0.48 (PRG), 0.43 – 0.48, <0.43 (background/reference concentration) 
 
Table 9. Alternative 4A. Simulated Fish Tissue Concentrations.  
 

Year Reach 3 Reach 4 Reach 5 Reach 6 Reach 7 Reach 8 
4.5 0.43 0.21 0.31 0.37 0.38 0.57 
6.5 0.43 0.21 0.31 0.37 0.38 0.56 
8.5 0.43 0.21 0.31 0.37 0.38 0.56 
10.5 0.43 0.21 0.31 0.37 0.38 0.56 
12.5 0.43 0.21 0.31 0.37 0.38 0.55 
14.5 0.43 0.21 0.31 0.36 0.38 0.55 
16.5 0.43 0.21 0.31 0.36 0.38 0.55 
18.5 0.43 0.21 0.31 0.36 0.38 0.54 
20.5 0.43 0.21 0.31 0.36 0.37 0.54 
22.5 0.43 0.21 0.30 0.36 0.37 0.54 
24.5 0.43 0.21 0.30 0.36 0.37 0.54 
26.5 0.43 0.20 0.30 0.36 0.37 0.53 
28.5 0.43 0.20 0.30 0.36 0.37 0.53 
30.5 0.43 0.20 0.30 0.36 0.37 0.53 
32.5 0.43 0.20 0.30 0.36 0.37 0.53 
34.5 0.43 0.20 0.30 0.36 0.37 0.53 

Notes:  >0.48 (PRG), 0.43 – 0.48, <0.43 (background/reference concentration) 
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Table 10. Alternative 4B. Simulated Fish Tissue Concentrations.  
 

Year Reach 3 Reach 4 Reach 5 Reach 6 Reach 7 Reach 8 
4.5 0.43 0.15 0.23 0.30 0.30 0.53 
6.5 0.43 0.15 0.23 0.30 0.30 0.53 
8.5 0.43 0.15 0.23 0.30 0.30 0.52 
10.5 0.43 0.15 0.23 0.30 0.30 0.52 
12.5 0.43 0.15 0.23 0.30 0.30 0.52 
14.5 0.43 0.15 0.23 0.30 0.30 0.51 
16.5 0.43 0.15 0.23 0.30 0.30 0.51 
18.5 0.43 0.15 0.23 0.30 0.30 0.51 
20.5 0.43 0.15 0.23 0.30 0.30 0.51 
22.5 0.43 0.15 0.24 0.30 0.30 0.50 
24.5 0.43 0.15 0.23 0.30 0.30 0.50 
26.5 0.43 0.15 0.23 0.30 0.30 0.50 
28.5 0.43 0.15 0.23 0.30 0.30 0.50 
30.5 0.43 0.15 0.24 0.30 0.30 0.50 
32.5 0.43 0.15 0.24 0.30 0.30 0.50 
34.5 0.43 0.15 0.24 0.30 0.30 0.50 

Notes:  >0.48 (PRG), 0.43 – 0.48, <0.43 (background/reference concentration) 
 

Table 11. Alternative 5A. Simulated Fish Tissue Concentrations.  
 

Year Reach 3 Reach 4 Reach 5 Reach 6 Reach 7 Reach 8 
4.5 0.44 0.19 0.28 0.34 0.36 0.52 
6.5 0.44 0.19 0.28 0.34 0.36 0.52 
8.5 0.45 0.19 0.28 0.34 0.36 0.52 
10.5 0.45 0.19 0.28 0.35 0.36 0.52 
12.5 0.45 0.19 0.28 0.35 0.36 0.52 
14.5 0.45 0.19 0.28 0.35 0.36 0.52 
16.5 0.45 0.19 0.28 0.35 0.36 0.52 
18.5 0.45 0.19 0.28 0.35 0.36 0.52 
20.5 0.45 0.19 0.28 0.34 0.36 0.52 
22.5 0.45 0.19 0.28 0.34 0.36 0.52 
24.5 0.45 0.19 0.28 0.34 0.36 0.52 
26.5 0.45 0.19 0.28 0.34 0.35 0.52 
28.5 0.45 0.19 0.28 0.34 0.35 0.52 
30.5 0.45 0.19 0.28 0.34 0.35 0.52 
32.5 0.45 0.19 0.28 0.34 0.35 0.52 
34.5 0.45 0.19 0.28 0.34 0.35 0.52 

Notes:  >0.48 (PRG), 0.43 – 0.48, <0.43 (background/reference concentration) 
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Table 12. Alternative 5B. Simulated Fish Tissue Concentrations.  
 

Year Reach 3 Reach 4 Reach 5 Reach 6 Reach 7 Reach 8 
4.5 0.43 0.15 0.24 0.31 0.31 0.66 
6.5 0.43 0.15 0.23 0.30 0.30 0.65 
8.5 0.43 0.15 0.23 0.30 0.30 0.64 
10.5 0.43 0.15 0.23 0.30 0.30 0.64 
12.5 0.43 0.15 0.24 0.30 0.30 0.63 
14.5 0.43 0.15 0.23 0.30 0.30 0.63 
16.5 0.43 0.15 0.23 0.30 0.30 0.62 
18.5 0.43 0.15 0.24 0.30 0.30 0.61 
20.5 0.43 0.15 0.24 0.30 0.30 0.61 
22.5 0.43 0.15 0.24 0.30 0.30 0.60 
24.5 0.43 0.15 0.24 0.30 0.30 0.60 
26.5 0.43 0.15 0.24 0.30 0.30 0.59 
28.5 0.43 0.15 0.24 0.30 0.30 0.59 
30.5 0.43 0.15 0.24 0.30 0.30 0.58 
32.5 0.43 0.15 0.24 0.30 0.30 0.58 
34.5 0.43 0.15 0.24 0.30 0.30 0.57 

Notes:  >0.48 (PRG), 0.43 – 0.48, <0.43 (background/reference concentration) 
 

Table 13. Alternative 5C. Simulated Fish Tissue Concentrations.  
 

Year Reach 3 Reach 4 Reach 5 Reach 6 Reach 7 Reach 8 
4.5 0.44 0.19 0.28 0.34 0.36 0.52 
6.5 0.44 0.19 0.28 0.34 0.36 0.52 
8.5 0.44 0.19 0.28 0.34 0.36 0.52 
10.5 0.45 0.19 0.28 0.34 0.36 0.52 
12.5 0.45 0.19 0.28 0.35 0.36 0.52 
14.5 0.45 0.19 0.28 0.34 0.36 0.52 
16.5 0.45 0.19 0.28 0.34 0.36 0.52 
18.5 0.45 0.19 0.28 0.35 0.36 0.52 
20.5 0.45 0.19 0.28 0.34 0.36 0.52 
22.5 0.45 0.19 0.28 0.34 0.36 0.52 
24.5 0.45 0.19 0.28 0.34 0.35 0.52 
26.5 0.45 0.19 0.28 0.34 0.35 0.52 
28.5 0.45 0.19 0.28 0.34 0.35 0.52 
30.5 0.45 0.19 0.28 0.34 0.35 0.52 
32.5 0.45 0.19 0.28 0.34 0.35 0.52 
34.5 0.45 0.19 0.28 0.34 0.35 0.52 

Notes:  >0.48 (PRG), 0.43 – 0.48, <0.43 (background/reference concentration) 
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Table 14. Alternative 5D. Simulated Fish Tissue Concentrations.  
 

Year Reach 3 Reach 4 Reach 5 Reach 6 Reach 7 Reach 8 
4.5 0.44 0.20 0.31 0.38 0.41 0.69 
6.5 0.44 0.19 0.29 0.36 0.38 0.67 
8.5 0.45 0.19 0.29 0.36 0.38 0.67 
10.5 0.45 0.19 0.29 0.36 0.38 0.67 
12.5 0.45 0.19 0.29 0.36 0.38 0.67 
14.5 0.45 0.19 0.29 0.36 0.38 0.66 
16.5 0.45 0.19 0.29 0.36 0.38 0.66 
18.5 0.45 0.19 0.29 0.36 0.38 0.66 
20.5 0.45 0.19 0.29 0.36 0.38 0.65 
22.5 0.45 0.19 0.29 0.36 0.38 0.65 
24.5 0.45 0.19 0.29 0.36 0.38 0.65 
26.5 0.45 0.19 0.29 0.36 0.38 0.64 
28.5 0.45 0.19 0.29 0.36 0.38 0.64 
30.5 0.45 0.19 0.29 0.36 0.38 0.64 
32.5 0.45 0.19 0.29 0.36 0.38 0.64 
34.5 0.45 0.19 0.29 0.36 0.38 0.63 

Notes:  >0.48 (PRG), 0.43 – 0.48, <0.43 (background/reference concentration) 
 

Table 15. Alternative 6. Simulated Fish Tissue Concentrations.  
 

Year Reach 3 Reach 4 Reach 5 Reach 6 Reach 7 Reach 8 
4.5 0.55 0.27 0.43 0.45 0.46 0.51 
6.5 0.55 0.27 0.43 0.46 0.46 0.51 
8.5 0.55 0.27 0.43 0.45 0.46 0.51 
10.5 0.55 0.27 0.42 0.45 0.46 0.51 
12.5 0.55 0.27 0.42 0.45 0.46 0.51 
14.5 0.54 0.27 0.41 0.44 0.45 0.50 
16.5 0.54 0.26 0.41 0.44 0.45 0.50 
18.5 0.54 0.26 0.41 0.44 0.45 0.50 
20.5 0.53 0.26 0.40 0.43 0.44 0.50 
22.5 0.53 0.26 0.40 0.43 0.44 0.49 
24.5 0.53 0.25 0.39 0.43 0.44 0.49 
26.5 0.53 0.25 0.39 0.43 0.43 0.49 
28.5 0.52 0.25 0.38 0.42 0.43 0.49 
30.5 0.52 0.25 0.38 0.42 0.43 0.48 
32.5 0.52 0.25 0.38 0.42 0.43 0.48 
34.5 0.52 0.24 0.37 0.42 0.42 0.48 

Notes:  >0.48 (PRG), 0.43 – 0.48, <0.43 (background/reference concentration) 
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Figure 2. Delineation of WASP Segmentation for Reach 3  
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Figure 3. Delineation of WASP Segmentation for Reach 4  
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Figure 4. Delineation of WASP Segmentation for Reach 5  
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Figure 5. Delineation of WASP Segmentation for Reach 6  
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Figure 6. Delineation of WASP Segmentation for Reach 7  
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Figure 7. Delineation of WASP Segmentation for Reach 8  
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Figure 8. Sudbury River Segmentation for Reach 3 
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Figure 9. Sudbury River Segmentation for Reach 4 
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Figure 10. Sudbury River Segmentation for Reach 5 
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Figure 11. Sudbury River Segmentation for Reach 6 
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Figure 12. Sudbury River Segmentation for Reach 7 
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Figure 13. Sudbury River Segmentation for Reach 8 
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Figure 14. Predicted Fish Tissue Mercury Concentrations versus Time for Remedial Alternatives 3A, 3B, 
and 3C for Reaches 3, 4, and 5. 

, 

~ 

~ 

, 

, 

e 

, 

, 

, 

, 

c 

. ceo 
--;\Itern"! "," 3A 
- - ;\Itern"! "," 38 
------- ;\Itern"! "," 3C 

Reach 3-

. . . . . . . . . . . . . . . . 
-----------

10 15 20 25 3J 35 

Time [yrs] 

c~ 

c~ 

" 

''OJ 0.6 

'" '" .s 
v 
~ ce 
~ 
~ 

;= 
~ 
~ 

C< u: 

" 

" 

" 

Reach 4-

. . . . . . . . . . . . . . . . 

---- ----

10 15 20 25 3J 35 

Time [yrs] 

ce 

co 

c; 

''OJ 0 E 

'" '" .s 
v 
~ ce 
~ 
~ 

;= 
~ 
~ 

" u: 

co 

" 

Reach 5-

. . . . . . . . . . . . . . . . 

~ 
---- ----

10 15 20 25 3J 35 

Time [yrs] 



   

  

Figure 15. Predicted Fish Tissue Mercury Concentrations versus Time for Remedial Alternatives 3A, 4A, and 
4B for Reaches 3, 4, and 5. 
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Figure 16.  Predicted Fish Tissue Mercury Concentrations versus Time for Remedial Alternatives 3A, 
5A, 5B, 5C and 5D for Reaches 3, 4, and 5. 
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Figure 17. Predicted Fish Tissue Mercury Concentrations versus Time for Remedial Alternatives 3A, 3B, 
and 3C for Reaches 6, 7, and 8. 
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Figure 18. Predicted Fish Tissue Mercury Concentrations versus Time for Remedial Alternatives 3A, 4A, 
and 4B for Reaches 6, 7, and 8. 
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Figure 19. Predicted Fish Tissue Mercury Concentrations versus Time for Remedial Alternatives 3A, 5A, 
5B, 5C, and 5D for Reaches 6, 7, and 8.  
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Figure 20. Predicted Fish Tissue Mercury Concentrations versus Time for all Alternatives in Reach 3. 
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Figure 21. Predicted Fish Tissue Mercury Concentrations versus Time for all Alternatives in Reach 4.  
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Figure 22. Predicted Fish Tissue Mercury Concentrations versus Time for all Alternatives in Reach 8. 
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Table A-1. Alternative 3A: Monitored Natural Recovery (MNA) 
 

R
ea

ch
 

Se
gm

en
t 

Description Hg(II) MeHg 
Silts and 

Fines 
(mg/L) 

Sands 
(mg/L) 

Organic 
Matter 
(mg/L) 

3 1 Upstream_Res_2 4.2 0.1 2 0 0 
3 2 Reservoir_2_first_leg 4.2 0.1 2 0 0 
3 3 Res2_secleg 3.8 0.1 2 0 0 
3 4 Res2mid 3.1 0.1 2 0 0 
4 5 Res2end 2.6 0.1 2 0 0 
4 6 Res1from3 1.3 0.1 2 0 0 
4 7 Reservoir1 2.9 0.1 2 0 0 
5 8 SudburyRiverafterRes1 2.9 0.1 2 0 0 
5 9 SudburyRiverReach9 2.9 0.1 2 0 0 
5 10 SudburyRiverReach10 2.9 0.1 2 0 0 
5 11 SudburyRiverReach11 2.9 0.1 2 0 0 
5 12 SudburyRiverReach12 2.9 0.1 2 0 0 
5 13 SudburyRiverReach13 2.9 0.1 2 0 0 
5 14 SudburyRiverPond 2.9 0.1 2 0 0 
6 15 start_of_Saxonville_Pond  2.9 0.1 2 0 0 
6 16 midSaxonvillePond  2.9 0.1 2 0 0 
6 17 endSaxonvillePond 2.9 0.1 2 0 0 
7 18 SaxonvilleDam1 2.9 0.1 2 0 0 
7 19 SaxonvilleDam2 2.9 0.1 2 0 0 
7 20 SaxonvilleDam3 2.9 0.1 2 0 0 
7 21 SaxonvilleDam4 2.9 0.1 2 0 0 
7 22 HeardPondSwampMarsh 2.9 0.1 2 0 0 
7 23 MarshReach24 2.9 0.1 6 0 0 
8 24 UpofGMNWR 6.8 0.1 6 0 0 
8 25 GMNWR1 7.0 0.1 6 0 0 
8 26 GMNWR2 8.8 0.1 6 0 0 
8 27 GMNWR3 6.8 0.1 6 0 0 
8 28 GMNWR4 7.0 0.1 6 0 0 
8 29 GMNWR5 6.8 0.1 6 0 0 
8 30 GMNWR6 6.8 0.1 6 0 0 
8 31 GMNWR7 6.8 0.1 6 0 0 
8 32 GMNWR8 6.8 0.1 6 0 0 
8 33 GMNWR9 6.8 0.1 6 0 0 
3 34 SedUpstream_Res_2 3,434.1 6.3 342,000 0 21,800 
3 35 SedReservoir_2_first_leg 2,604.5 5.1 407,000 0 51,500 
3 36 SedRes2_secleg 4,819.5 3.9 479,000 5,590 234,000 
3 37 SedRes2mid 12,918.7 4.2 265,000 52,500 502,000 
4 38 SedRes2end 13,000.0 4.0 115,000 47,300 444,000 
4 39 SedRes1from3 868.1 1.3 369,000 3,470 136,000 
4 40 SedReservoir1 7,880.7 2.3 144,000 41,200 358,000 
5 41 SedSudburyRiverafterRes1 280.6 1.0 3 10 24 
5 42 SedSudburyRiverReach9 43.3 0.2 99,000 10 68,800 
5 43 SedSudburyRiverReach10 1,110.0 2.9 125,000 0 64,500 
5 44 SedSudburyRiverReach11 2,515.0 5.5 155,000 10 83,400 
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Description Hg(II) MeHg 
Silts and 

Fines 
(mg/L) 

Sands 
(mg/L) 

Organic 
Matter 
(mg/L) 

5 45 SedSudburyRiverReach12 171.7 0.8 153,000 10 81,600 
5 46 SedSudburyRiverReach13 941.4 1.6 2 0 32 
5 47 SedSudburyRiverPond 1,168.3 2.9 630,000 35 88,100 
6 48 Sedstart_of_Saxonville_Pond  210.8 0.8 652,000 276 159,000 
6 49 SedmidSaxonvillePond  1,475.3 1.1 533,000 372 235,000 
6 50 SedendSaxonvillePond 3,774.8 3.8 589,000 2,540 114,000 
7 51 SedSaxonvilleDam1 35.3 0.1 4 0 10 
7 52 SedSaxonvilleDam2 31.4 0.0 44 0 647 
7 53 SedSaxonvilleDam3 353.4 0.4 10 0 248 
7 54 SedSaxonvilleDam4 61.7 0.1 10 0 240 
7 55 SedHeardPondSwampMarsh 1,881.1 9.2 268,000 10 106,000 
7 56 SedMarshReach24 225.5 0.7 169,000 10 69,600 
8 57 SedUpofGMNWR 6,721.1 5.9 257,000 10 60,000 
8 58 SedGMNWR1 131.6 0.4 461,000 135 293,000 
8 59 SedGMNWR2 95.9 0.3 478,000 179 321,000 
8 60 SedGMNWR3 436.5 3.8 461,000 164 312,000 
8 61 SedGMNWR4 1,283.0 11.2 455,000 156 311,000 
8 62 SedGMNWR5 998.6 5.3 457,000 151 317,000 
8 63 SedGMNWR6 1,191.0 4.5 454,000 135 316,000 
8 64 SedGMNWR7 1,918.0 16.8 441,000 124 309,000 
8 65 SedGMNWR8 119.1 0.2 452,000 88 314,000 
8 66 SedGMNWR9 676.0 2.4 471,000 105 335,000 
 67 SubSedUpstream_Res_2 13,320.2 9.5 816,000 0 50,400 
 68 SubSedReservoir_2_first_leg 10,102.4 7.6 770,000 0 96,200 
 69 SubSedRes2_secleg 10,000.0 7.5 481,000 36,400 287,000 
 70 SubSedRes2mid 4,555.8 26.7 332,000 88,400 364,000 
 71 SubSedRes2end 25,628.8 3.3 424,000 97,500 350,000 
 72 SubSedRes1from3 3,367.2 2.0 526,000 42,200 256,000 
 73 SubSedReservoir1 15,536.4 1.8 295,000 92,200 363,000 
 74 SubSedSudburyRiverafterRes1 2,000.0 1.0 360,000 100,000 267,000 
 75 SubSedSudburyRiverReach9 2,000.0 1.0 323,000 100,000 230,000 
 76 SubSedSudburyRiverReach10 2,000.0 1.0 341,000 99,800 244,000 
 77 SubSedSudburyRiverReach11 2,000.0 1.0 352,000 99,700 257,000 
 78 SubSedSudburyRiverReach12 2,000.0 1.0 355,000 99,700 262,000 
 79 SubSedSudburyRiverReach13 2,000.0 1.0 360,000 100,000 267,000 
 80 SubSedSudburyRiverPond 2,000.0 1.0 310,000 75,200 165,000 
 81 SubSedstart_of_Saxonville_Pond  2,000.0 1.0 392,000 85,300 258,000 
 82 SubSedmidSaxonvillePond  2,000.0 1.0 363,000 96,000 280,000 
 83 SubSedendSaxonvillePond 2,000.0 1.0 697,000 24,600 172,000 
 84 SubSedSaxonvilleDam1 2,000.0 1.0 360,000 100,000 267,000 
 85 SubSedSaxonvilleDam2 2,000.0 1.0 342,000 100,000 248,000 
 86 SubSedSaxonvilleDam3 2,000.0 1.0 360,000 100,000 267,000 
 87 SubSedSaxonvilleDam4 2,000.0 1.0 360,000 100,000 267,000 
 88 SubSedHeardPondSwampMarsh 4,391.3 11.6 355,000 100,000 261,000 
 89 SubSedMarshReach24 4,000.0 2.0 358,000 100,000 264,000 
 90 SubSedUpofGMNWR 7,838.9 1.5 329,000 90,200 232,000 
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Description Hg(II) MeHg 
Silts and 

Fines 
(mg/L) 

Sands 
(mg/L) 

Organic 
Matter 
(mg/L) 

 91 SubSedGMNWR1 1,500.0 3.0 368,000 97,100 266,000 
 92 SubSedGMNWR2 1,500.0 3.0 366,000 98,100 268,000 
 93 SubSedGMNWR3 1,500.0 3.0 364,000 98,600 268,000 
 94 SubSedGMNWR4 1,478.9 4.9 363,000 98,800 267,000 
 95 SubSedGMNWR5 1,500.0 3.0 362,000 98,900 267,000 
 96 SubSedGMNWR6 1,500.0 3.0 362,000 99,000 267,000 
 97 SubSedGMNWR7 1,704.5 7.7 362,000 99,200 267,000 
 98 SubSedGMNWR8 1,500.0 3.0 364,000 98,700 268,000 
 99 SubSedGMNWR9 1,500.0 3.0 362,000 99,300 267,000 
 100 Deep_Res2end 0.0 0.0 0 0 0 
 101 SedDeep_Res2end 21,026.2 6.4 108,000 3,010 514,000 
 102 SubSedDeep_Res2end 27,606.1 13.5 262,000 93,300 513,000 
 103 ThirdSed_Deep_Res2end 26,850.7 3.3 342,000 155,000 371,000 
 104 FourthSed_Deep_Res2end 21,736.9 1.1 409,000 216,000 332,000 
 105 ThirdSed_Upstream_Res_2 3,000.0 2.0 616,000 98,100 152,000 
 106 ThirdSed_Reservoir_2_first_leg 2,572.5 6.5 484,000 159,000 224,000 
 107 ThirdSed_Res2_secleg 3,819.5 12.5 310,000 287,000 270,000 
 108 ThirdSed_Res2mid 817.8 19.8 426,000 174,000 267,000 
 109 ThirdSed_Res2end 13,077.3 0.7 450,000 150,000 267,000 
 110 ThirdSed_Res1from3 3,000.0 2.0 449,000 149,000 267,000 
 111 ThirdSed_Reservoir1 3,000.0 2.0 450,000 150,000 268,000 
 112 FourthSed_Upstream_Res_2 3,000.0 2.0 509,000 172,000 251,000 
 113 FourthSed_Reservoir_2_first_leg 1,225.6 12.4 444,000 186,000 272,000 
 114 FourthSed_Res2_secleg 509.8 17.2 354,000 250,000 270,000 
 115 FourthSed_Res2mid 3,545.2 4.9 384,000 216,000 267,000 
 116 FourthSed_Res2end 3,078.7 1.9 384,000 216,000 267,000 
 117 FourthSed_Res1from3 3,000.0 2.0 388,000 216,000 267,000 
 118 FourthSed_Reservoir1 3,000.0 2.0 384,000 216,000 267,000 

 



   

  

Table A-2. Alternative 3B: Thin Layer (Sand) Placement 
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Description Hg(II) MeHg 
Silts and 

Fines 
(mg/L) 

Sands 
(mg/L) 

Organic 
Matter 
(mg/L) 

3 1 Upstream_Res_2 4.20 0.05 2 0 0 
3 2 Reservoir_2_first_leg 4.21 0.05 2 0 0 
3 3 Res2_secleg 3.77 0.05 2 0 0 
3 4 Res2mid 3.14 0.05 2 0 0 
4 5 Res2end 2.64 0.05 2 0 0 
4 6 Res1from3 1.32 0.05 2 0 0 
4 7 Reservoir1 2.88 0.05 2 0 0 
5 8 SudburyRiverafterRes1 2.90 0.05 2 0 0 
5 9 SudburyRiverReach9 2.90 0.05 2 0 0 
5 10 SudburyRiverReach10 2.90 0.05 2 0 0 
5 11 SudburyRiverReach11 2.90 0.05 2 0 0 
5 12 SudburyRiverReach12 2.90 0.05 2 0 0 
5 13 SudburyRiverReach13 2.90 0.05 2 0 0 
5 14 SudburyRiverPond 2.90 0.05 2 0 0 
6 15 start_of_Saxonville_Pond  2.90 0.05 2 0 0 
6 16 midSaxonvillePond  2.90 0.05 2 0 0 
6 17 endSaxonvillePond 2.90 0.05 2 0 0 
7 18 SaxonvilleDam1 2.90 0.05 2 0 0 
7 19 SaxonvilleDam2 2.90 0.05 2 0 0 
7 20 SaxonvilleDam3 2.90 0.05 2 0 0 
7 21 SaxonvilleDam4 2.90 0.05 2 0 0 
7 22 HeardPondSwampMarsh 2.90 0.05 2 0 0 
7 23 MarshReach24 2.90 0.05 6 0 0 
8 24 UpofGMNWR 6.80 0.05 6 0 0 
8 25 GMNWR1 7.04 0.05 6 0 0 
8 26 GMNWR2 8.82 0.05 6 0 0 
8 27 GMNWR3 6.77 0.05 6 0 0 
8 28 GMNWR4 7.04 0.05 6 0 0 
8 29 GMNWR5 6.75 0.05 6 0 0 
8 30 GMNWR6 6.75 0.05 6 0 0 
8 31 GMNWR7 6.75 0.05 6 0 0 
8 32 GMNWR8 6.75 0.05 6 0 0 
8 33 GMNWR9 6.75 0.05 6 0 0 
3 34 SedUpstream_Res_2 0.00 0.00 0 1,550,000 0 
3 35 SedReservoir_2_first_leg 0.00 0.00 0 1,550,000 0 
3 36 SedRes2_secleg 0.00 0.00 0 1,550,000 0 
3 37 SedRes2mid 0.00 0.00 0 1,550,000 0 
4 38 SedRes2end 0.00 0.00 0 1,550,000 0 
4 39 SedRes1from3 0.00 0.00 0 1,550,000 0 
4 40 SedReservoir1 0 0 0 1,550,000 0 
5 41 SedSudburyRiverafterRes1 281 1 3 10 24 
5 42 SedSudburyRiverReach9 43 0 99,000 10 68,800 
5 43 SedSudburyRiverReach10 1,110 3 125,000 0 64,500 
5 44 SedSudburyRiverReach11 2,515 5 155,000 10 83,400 
5 45 SedSudburyRiverReach12 172 1 153,000 10 81,600 
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Description Hg(II) MeHg 
Silts and 

Fines 
(mg/L) 

Sands 
(mg/L) 

Organic 
Matter 
(mg/L) 

5 46 SedSudburyRiverReach13 941 2 2 0 32 
5 47 SedSudburyRiverPond 1,168 3 630,000 35 88,100 
6 48 Sedstart_of_Saxonville_Pond  0 0 0 1,550,000 0 
6 49 SedmidSaxonvillePond  0 0 0 1,550,000 0 
6 50 SedendSaxonvillePond 0 0 0 1,550,000 0 
7 51 SedSaxonvilleDam1 35 0 4 0 10 
7 52 SedSaxonvilleDam2 31 0 44 0 647 
7 53 SedSaxonvilleDam3 353 0 10 0 248 
7 54 SedSaxonvilleDam4 62 0 10 0 240 
7 55 SedHeardPondSwampMarsh 1,881 9 268,000 10 106,000 
7 56 SedMarshReach24 226 1 169,000 10 69,600 
8 57 SedUpofGMNWR 6,721 6 257,000 10 60,000 
8 58 SedGMNWR1 132 0 461,000 135 293,000 
8 59 SedGMNWR2 96 0 478,000 179 321,000 
8 60 SedGMNWR3 436 4 461,000 164 312,000 
8 61 SedGMNWR4 1,283 11 455,000 156 311,000 
8 62 SedGMNWR5 999 5 457,000 151 317,000 
8 63 SedGMNWR6 1,191 4 454,000 135 316,000 
8 64 SedGMNWR7 1,918 17 441,000 124 309,000 
8 65 SedGMNWR8 119 0 452,000 88 314,000 
8 66 SedGMNWR9 676 2 471,000 105 335,000 
 67 SubSedUpstream_Res_2 3,434 6 342,000 0 21,800 
 68 SubSedReservoir_2_first_leg 2,605 5 407,000 0 51,500 
 69 SubSedRes2_secleg 4,820 4 479,000 5,590 234,000 
 70 SubSedRes2mid 12,919 4 265,000 52,500 502,000 
 71 SubSedRes2end 13,000 4 115,000 47,300 444,000 
 72 SubSedRes1from3 868 1 369,000 3,470 136,000 
 73 SubSedReservoir1 7,881 2 144,000 41,200 358,000 
 74 SubSedSudburyRiverafterRes1 2,000 1 360,000 100,000 267,000 
 75 SubSedSudburyRiverReach9 2,000 1 323,000 100,000 230,000 
 76 SubSedSudburyRiverReach10 2,000 1 341,000 99,800 244,000 
 77 SubSedSudburyRiverReach11 2,000 1 352,000 99,700 257,000 
 78 SubSedSudburyRiverReach12 2,000 1 355,000 99,700 262,000 
 79 SubSedSudburyRiverReach13 2,000 1 360,000 100,000 267,000 
 80 SubSedSudburyRiverPond 2,000 1 310,000 75,200 165,000 
 81 SubSedstart_of_Saxonville_Pond  2,000 1 392,000 85,300 258,000 
 82 SubSedmidSaxonvillePond  2,000 1 363,000 96,000 280,000 
 83 SubSedendSaxonvillePond 2,000 1 697,000 24,600 172,000 
 84 SubSedSaxonvilleDam1 2,000 1 652,000 276 159,000 
 85 SubSedSaxonvilleDam2 2,000 1 533,000 372 235,000 
 86 SubSedSaxonvilleDam3 2,000 1 589,000 2,540 114,000 
 87 SubSedSaxonvilleDam4 2,000 1 360,000 100,000 267,000 
 88 SubSedHeardPondSwampMarsh 4,391 12 355,000 100,000 261,000 
 89 SubSedMarshReach24 4,000 2 358,000 100,000 264,000 
 90 SubSedUpofGMNWR 7,839 2 329,000 90,200 232,000 
 91 SubSedGMNWR1 1,500 3 368,000 97,100 266,000 
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Description Hg(II) MeHg 
Silts and 

Fines 
(mg/L) 

Sands 
(mg/L) 

Organic 
Matter 
(mg/L) 

 92 SubSedGMNWR2 1,500 3 366,000 98,100 268,000 
 93 SubSedGMNWR3 1,500 3 364,000 98,600 268,000 
 94 SubSedGMNWR4 1,479 5 363,000 98,800 267,000 
 95 SubSedGMNWR5 1,500 3 362,000 98,900 267,000 
 96 SubSedGMNWR6 1,500 3 362,000 99,000 267,000 
 97 SubSedGMNWR7 1,705 8 362,000 99,200 267,000 
 98 SubSedGMNWR8 1,500 3 364,000 98,700 268,000 
 99 SubSedGMNWR9 1,500 3 362,000 99,300 267,000 
 100 Deep_Res2end 0 0 0 0 0 
 101 SedDeep_Res2end 0 0 0 155,000 0 
 102 SubSedDeep_Res2end 21,026 6 108,000 3,010 514,000 
 103 ThirdSed_Deep_Res2end 27,606 13 262,000 93,300 513,000 
 104 FourthSed_Deep_Res2end 26,851 3 342,000 155,000 371,000 
 105 ThirdSed_Upstream_Res_2 13,320 10 816,000 0 50,400 
 106 ThirdSed_Reservoir_2_first_leg 10,102 8 770,000 0 96,200 
 107 ThirdSed_Res2_secleg 10,000 8 481,000 36,400 287,000 
 108 ThirdSed_Res2mid 4,556 27 332,000 88,400 364,000 
 109 ThirdSed_Res2end 25,629 3 424,000 97,500 350,000 
 110 ThirdSed_Res1from3 3,367 2 526,000 42,200 256,000 
 111 ThirdSed_Reservoir1 15,536 2 295,000 92,200 363,000 
 112 FourthSed_Upstream_Res_2 3,000 2 509,000 172,000 251,000 
 113 FourthSed_Reservoir_2_first_leg 1,226 12 444,000 186,000 272,000 
 114 FourthSed_Res2_secleg 510 17 354,000 250,000 270,000 
 115 FourthSed_Res2mid 3,545 5 384,000 216,000 267,000 
 116 FourthSed_Res2end 3,079 2 384,000 216,000 267,000 
 117 FourthSed_Res1from3 3,000 2 388,000 216,000 267,000 
 118 FourthSed_Reservoir1 3,000 2 384,000 216,000 267,000 

  



   

  

Table A-3. Alternative 4A: AquaBlok® Capping of Reservoir 2 
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Hg(II) MeHg 
Silts and 

Fines 
(mg/L) 

Sands 
(mg/L) 

Organic 
Matter 
(mg/L) 

3 1 4.20 0.05 2.00 0.00 0.30 
3 2 4.21 0.05 2.00 0.00 0.30 
3 3 3.77 0.05 2.00 0.00 0.30 
3 4 3.14 0.05 2.00 0.00 0.30 
3 5 2.64 0.05 2.00 0.00 0.30 
4 6 1.32 0.05 2.00 0.00 0.30 
4 7 2.88 0.05 2.00 0.00 0.30 
5 8 2.90 0.05 2.00 0.00 0.30 
5 9 2.90 0.05 2.00 0.00 0.30 
5 10 2.90 0.05 2.00 0.00 0.30 
5 11 2.90 0.05 2.00 0.00 0.30 
5 12 2.90 0.05 2.00 0.00 0.30 
5 13 2.90 0.05 2.00 0.00 0.30 
5 14 2.90 0.05 2.00 0.00 0.30 
6 15 2.90 0.05 2.00 0.00 0.30 
6 16 2.90 0.05 2.00 0.00 0.30 
6 17 2.90 0.05 2.00 0.00 0.30 
7 18 2.90 0.05 2.00 0.00 0.30 
7 19 2.90 0.05 2.00 0.00 0.30 
7 20 2.90 0.05 2.00 0.00 0.30 
7 21 2.90 0.05 2.00 0.00 0.30 
7 22 2.90 0.05 2.00 0.00 0.30 
7 23 2.90 0.05 6.00 0.00 0.30 
8 24 6.80 0.05 6.00 0.00 0.30 
8 25 7.04 0.05 6.00 0.00 0.30 
8 26 8.82 0.05 6.00 0.00 0.30 
8 27 6.77 0.05 6.00 0.00 0.30 
8 28 7.04 0.05 6.00 0.00 0.30 
8 29 6.75 0.05 6.00 0.00 0.30 
8 30 6.75 0.05 6.00 0.00 0.30 
8 31 6.75 0.05 6.00 0.00 0.30 
8 32 6.75 0.05 6.00 0.00 0.30 
8 33 6.75 0.05 6.00 0.00 0.30 
3 34 0.00 0.00 0.00 0.00 486400.00 
3 35 0.00 0.00 0.00 0.00 486400.00 
3 36 0.00 0.00 0.00 0.00 486400.00 
3 37 0.00 0.00 0.00 0.00 486400.00 
3 38 0.00 0.00 0.00 0.00 486400.00 
4 39 868.10 1.34 0.00 1550000 0.00 
4 40 7880.73 2.26 0.00 1550000 0.00 
5 41 280.57 1.04 2.99 9.98 23.60 
5 42 43.26 0.21 99000.00 10.00 68800.00 
5 43 1110.00 2.89 125000.00 0.00 64500.00 
5 44 2515.00 5.50 155000.00 10.00 83400.00 
5 45 171.70 0.77 153000.00 10.00 81600.00 
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Hg(II) MeHg 
Silts and 

Fines 
(mg/L) 

Sands 
(mg/L) 
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Matter 
(mg/L) 

5 46 941.40 1.63 1.83 0.00 31.70 
5 47 1168.28 2.91 630000.00 35.40 88100.00 
6 48 210.75 0.81 0.00 1550000 0.00 
6 49 1475.27 1.11 0.00 1550000 0.00 
6 50 3774.83 3.84 0.00 1550000 0.00 
7 51 35.26 0.12 3.58 0.00 10.00 
7 52 31.44 0.02 43.50 0.29 647.00 
7 53 353.40 0.39 9.90 0.00 248.00 
7 54 61.67 0.09 9.85 0.00 240.00 
7 55 1881.10 9.20 268000.00 10.00 106000.00 
7 56 225.53 0.75 169000.00 10.00 69600.00 
8 57 6721.13 5.88 257000.00 10.00 60000.00 
8 58 131.60 0.37 461000.00 135.00 293000.00 
8 59 95.93 0.27 478000.00 179.00 321000.00 
8 60 436.49 3.76 461000.00 164.00 312000.00 
8 61 1283.03 11.23 455000.00 156.00 311000.00 
8 62 998.60 5.33 457000.00 151.00 317000.00 
8 63 1191.00 4.47 454000.00 135.00 316000.00 
8 64 1917.95 16.80 441000.00 124.00 309000.00 
8 65 119.13 0.23 452000.00 88.30 314000.00 
8 66 676.00 2.41 471000.00 105.00 335000.00 
3 67 3434.10 6.34 342000.00 0.00 21800.00 
3 68 2604.51 5.07 407000.00 0.00 51500.00 
3 69 4819.51 3.94 479000.00 5590.00 234000.00 
3 70 12918.71 4.16 265000.00 52500.00 502000.00 
3 71 13000.00 4.00 115000.00 47300.00 444000.00 
4 72 3367.20 2.01 369000.00 3470.00 136000.00 
4 73 15536.40 1.84 144000.00 41200.00 358000.00 
5 74 2000.00 1.00 360000.00 100000.00 267000.00 
5 75 2000.00 1.00 323000.00 100000.00 230000.00 
5 76 2000.00 1.00 341000.00 99800.00 244000.00 
5 77 2000.00 1.00 352000.00 99700.00 257000.00 
5 78 2000.00 1.00 355000.00 99700.00 262000.00 
5 79 2000.00 1.00 360000.00 100000.00 267000.00 
5 80 2000.00 1.00 310000.00 75200.00 165000.00 
6 81 2000.00 1.00 392000.00 85300.00 258000.00 
6 82 2000.00 1.00 363000.00 96000.00 280000.00 
6 83 2000.00 1.00 697000.00 24600.00 172000.00 
7 84 2000.00 1.00 652000.00 276.00 159000.00 
7 85 2000.00 1.00 533000.00 372.00 235000.00 
7 86 2000.00 1.00 589000.00 2540.00 114000.00 
7 87 2000.00 1.00 360000.00 100000.00 267000.00 
7 88 4391.32 11.59 355000.00 100000.00 261000.00 
7 89 4000.00 2.00 358000.00 100000.00 264000.00 
8 90 7838.91 1.55 329000.00 90200.00 232000.00 
8 91 1500.00 3.00 368000.00 97100.00 266000.00 
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8 92 1500.00 3.00 366000.00 98100.00 268000.00 
8 93 1500.00 3.00 364000.00 98600.00 268000.00 
8 94 1478.90 4.85 363000.00 98800.00 267000.00 
8 95 1500.00 3.00 362000.00 98900.00 267000.00 
8 96 1500.00 3.00 362000.00 99000.00 267000.00 
8 97 1704.53 7.73 362000.00 99200.00 267000.00 
8 98 1500.00 3.00 364000.00 98700.00 268000.00 
8 99 1500.00 3.00 362000.00 99300.00 267000.00 
 100 0.00 0.00 0.00 0.00 1.00 
 101 0.00 0.00 0.00 0.00 486400.00 
 102 21026.22 6.41 108000.00 3010.00 514000.00 
 103 27606.05 13.45 262000.00 93300.00 513000.00 
 104 26850.70 3.30 342000.00 155000.00 371000.00 
3 105 13320.24 9.51 816000.00 0.00 50400.00 
3 106 10102.40 7.60 770000.00 0.00 96200.00 
3 107 10000.00 7.50 481000.00 36400.00 287000.00 
3 108 4555.80 26.70 332000.00 88400.00 364000.00 
3 109 25628.75 3.25 424000.00 97500.00 350000.00 
4 110 3000.00 2.00 526000.00 42200.00 256000.00 
4 111 3000.00 2.00 295000.00 92200.00 363000.00 
3 112 3000.00 2.00 509000.00 172000.00 251000.00 
3 113 2572.50 6.50 444000.00 186000.00 272000.00 
3 114 3819.50 12.50 354000.00 250000.00 270000.00 
3 115 817.75 19.75 384000.00 216000.00 267000.00 
3 116 13077.30 0.70 384000.00 216000.00 267000.00 
4 117 3000.00 2.00 388000.00 216000.00 267000.00 
4 118 3000.00 2.00 384000.00 216000.00 267000.00 

 



   

  

Table A-4. Alternative 4B: AquaBlok® Capping of Reservoirs 2 and 1, and Saxonville 
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Hg(II) MeHg 
Silts and 

Fines 
(mg/L) 

Sands 
(mg/L) 

Organic 
Matter 
(mg/L) 

3 1 4.20 0.05 2.00 0.00 0.30 
3 2 4.21 0.05 2.00 0.00 0.30 
3 3 3.77 0.05 2.00 0.00 0.30 
3 4 3.14 0.05 2.00 0.00 0.30 
3 5 2.64 0.05 2.00 0.00 0.30 
4 6 1.32 0.05 2.00 0.00 0.30 
4 7 2.88 0.05 2.00 0.00 0.30 
5 8 2.90 0.05 2.00 0.00 0.30 
5 9 2.90 0.05 2.00 0.00 0.30 
5 10 2.90 0.05 2.00 0.00 0.30 
5 11 2.90 0.05 2.00 0.00 0.30 
5 12 2.90 0.05 2.00 0.00 0.30 
5 13 2.90 0.05 2.00 0.00 0.30 
5 14 2.90 0.05 2.00 0.00 0.30 
6 15 2.90 0.05 2.00 0.00 0.30 
6 16 2.90 0.05 2.00 0.00 0.30 
6 17 2.90 0.05 2.00 0.00 0.30 
7 18 2.90 0.05 2.00 0.00 0.30 
7 19 2.90 0.05 2.00 0.00 0.30 
7 20 2.90 0.05 2.00 0.00 0.30 
7 21 2.90 0.05 2.00 0.00 0.30 
7 22 2.90 0.05 2.00 0.00 0.30 
7 23 2.90 0.05 6.00 0.00 0.30 
8 24 6.80 0.05 6.00 0.00 0.30 
8 25 7.04 0.05 6.00 0.00 0.30 
8 26 8.82 0.05 6.00 0.00 0.30 
8 27 6.77 0.05 6.00 0.00 0.30 
8 28 7.04 0.05 6.00 0.00 0.30 
8 29 6.75 0.05 6.00 0.00 0.30 
8 30 6.75 0.05 6.00 0.00 0.30 
8 31 6.75 0.05 6.00 0.00 0.30 
8 32 6.75 0.05 6.00 0.00 0.30 
8 33 6.75 0.05 6.00 0.00 0.30 
3 34 0.00 0.00 0.00 0.00 486400.00 
3 35 0.00 0.00 0.00 0.00 486400.00 
3 36 0.00 0.00 0.00 0.00 486400.00 
3 37 0.00 0.00 0.00 0.00 486400.00 
3 38 0.00 0.00 0.00 0.00 486400.00 
4 39 0.00 0.00 0.00 0.00 486400.00 
4 40 0.00 0.00 0.00 0.00 486400.00 
5 41 280.57 1.04 2.99 9.98 23.60 
5 42 43.26 0.21 99000.00 10.00 68800.00 
5 43 1110.00 2.89 125000.00 0.00 64500.00 
5 44 2515.00 5.50 155000.00 10.00 83400.00 
5 45 171.70 0.77 153000.00 10.00 81600.00 
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(mg/L) 
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Matter 
(mg/L) 

5 46 941.40 1.63 1.83 0.00 31.70 
5 47 1168.28 2.91 630000.00 35.40 88100.00 
6 48 0.00 0.00 0.00 0.00 486400.00 
6 49 0.00 0.00 0.00 0.00 486400.00 
6 50 0.00 0.00 0.00 0.00 486400.00 
7 51 35.26 0.12 3.58 0.00 10.00 
7 52 31.44 0.02 43.50 0.29 647.00 
7 53 353.40 0.39 9.90 0.00 248.00 
7 54 61.67 0.09 9.85 0.00 240.00 
7 55 1881.10 9.20 268000.00 10.00 106000.00 
7 56 225.53 0.75 169000.00 10.00 69600.00 
8 57 6721.13 5.88 257000.00 10.00 60000.00 
8 58 131.60 0.37 461000.00 135.00 293000.00 
8 59 95.93 0.27 478000.00 179.00 321000.00 
8 60 436.49 3.76 461000.00 164.00 312000.00 
8 61 1283.03 11.23 455000.00 156.00 311000.00 
8 62 998.60 5.33 457000.00 151.00 317000.00 
8 63 1191.00 4.47 454000.00 135.00 316000.00 
8 64 1917.95 16.80 441000.00 124.00 309000.00 
8 65 119.13 0.23 452000.00 88.30 314000.00 
8 66 676.00 2.41 471000.00 105.00 335000.00 
3 67 3434.10 6.34 342000.00 0.00 21800.00 
3 68 2604.51 5.07 407000.00 0.00 51500.00 
3 69 4819.51 3.94 479000.00 5590.00 234000.00 
3 70 12918.71 4.16 265000.00 52500.00 502000.00 
3 71 13000.00 4.00 115000.00 47300.00 444000.00 
4 72 868.10 1.34 369000.00 3470.00 136000.00 
4 73 7880.73 2.26 144000.00 41200.00 358000.00 
5 74 2000.00 1.00 360000.00 100000.00 267000.00 
5 75 2000.00 1.00 323000.00 100000.00 230000.00 
5 76 2000.00 1.00 341000.00 99800.00 244000.00 
5 77 2000.00 1.00 352000.00 99700.00 257000.00 
5 78 2000.00 1.00 355000.00 99700.00 262000.00 
5 79 2000.00 1.00 360000.00 100000.00 267000.00 
5 80 2000.00 1.00 310000.00 75200.00 165000.00 
6 81 210.75 0.81 392000.00 85300.00 258000.00 
6 82 1475.27 1.11 363000.00 96000.00 280000.00 
6 83 3774.83 3.84 697000.00 24600.00 172000.00 
7 84 2000.00 1.00 652000.00 276.00 159000.00 
7 85 2000.00 1.00 533000.00 372.00 235000.00 
7 86 2000.00 1.00 589000.00 2540.00 114000.00 
7 87 2000.00 1.00 360000.00 100000.00 267000.00 
7 88 4391.32 11.59 355000.00 100000.00 261000.00 
7 89 4000.00 2.00 358000.00 100000.00 264000.00 
8 90 7838.91 1.55 329000.00 90200.00 232000.00 
8 91 1500.00 3.00 368000.00 97100.00 266000.00 
8 92 1500.00 3.00 366000.00 98100.00 268000.00 
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8 93 1500.00 3.00 364000.00 98600.00 268000.00 
8 94 1478.90 4.85 363000.00 98800.00 267000.00 
8 95 1500.00 3.00 362000.00 98900.00 267000.00 
8 96 1500.00 3.00 362000.00 99000.00 267000.00 
8 97 1704.53 7.73 362000.00 99200.00 267000.00 
8 98 1500.00 3.00 364000.00 98700.00 268000.00 
8 99 1500.00 3.00 362000.00 99300.00 267000.00 
 100 0.00 0.00 0.00 0.00 1.00 
 101 0.00 0.00 0.00 0.00 486400.00 
 102 21026.22 6.41 108000.00 3010.00 514000.00 
 103 27606.05 13.45 262000.00 93300.00 513000.00 
 104 26850.70 3.30 342000.00 155000.00 371000.00 
3 105 13320.24 9.51 816000.00 0.00 50400.00 
3 106 10102.40 7.60 770000.00 0.00 96200.00 
3 107 10000.00 7.50 481000.00 36400.00 287000.00 
3 108 4555.80 26.70 332000.00 88400.00 364000.00 
3 109 25628.75 3.25 424000.00 97500.00 350000.00 
4 110 3367.20 2.01 526000.00 42200.00 256000.00 
4 111 15536.40 1.84 295000.00 92200.00 363000.00 
3 112 3000.00 2.00 509000.00 172000.00 251000.00 
3 113 2572.50 6.50 444000.00 186000.00 272000.00 
3 114 3819.50 12.50 354000.00 250000.00 270000.00 
3 115 817.75 19.75 384000.00 216000.00 267000.00 
3 116 13077.30 0.70 384000.00 216000.00 267000.00 
4 117 3000.00 2.00 388000.00 216000.00 267000.00 
4 118 3000.00 2.00 384000.00 216000.00 267000.00 

 



   

  

Table A-5. Alternative 5A: Dredging of Reservoir 2 (excluding Segment 1) 
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(mg/L) 

Sands 
(mg/L) 

Organic 
Matter 
(mg/L) 

3 1 4.20 0.05 2 0 0 
3 2 4.21 0.05 2 0 0 
3 3 3.77 0.05 2 0 0 
3 4 3.14 0.05 2 0 0 
4 5 2.64 0.05 2 0 0 
4 6 1.32 0.05 2 0 0 
4 7 2.88 0.05 2 0 0 
5 8 2.90 0.05 2 0 0 
5 9 2.90 0.05 2 0 0 
5 10 2.90 0.05 2 0 0 
5 11 2.90 0.05 2 0 0 
5 12 2.90 0.05 2 0 0 
5 13 2.90 0.05 2 0 0 
5 14 2.90 0.05 2 0 0 
6 15 2.90 0.05 2 0 0 
6 16 2.90 0.05 2 0 0 
6 17 2.90 0.05 2 0 0 
7 18 2.90 0.05 2 0 0 
7 19 2.90 0.05 2 0 0 
7 20 2.90 0.05 2 0 0 
7 21 2.90 0.05 2 0 0 
7 22 2.90 0.05 2 0 0 
7 23 2.90 0.05 6 0 0 
8 24 6.80 0.05 6 0 0 
8 25 7.04 0.05 6 0 0 
8 26 8.82 0.05 6 0 0 
8 27 6.77 0.05 6 0 0 
8 28 7.04 0.05 6 0 0 
8 29 6.75 0.05 6 0 0 
8 30 6.75 0.05 6 0 0 
8 31 6.75 0.05 6 0 0 
8 32 6.75 0.05 6 0 0 
8 33 6.75 0.05 6 0 0 
3 34 3434.10 6.344 509000 172000 251000 
3 35 1000.00 1 444000 186000 272000 
3 36 1000.00 1 354000 250000 270000 
3 37 1000.00 1 384000 216000 267000 
4 38 1000.00 1 384000 216000 267000 
4 39 868.10 1.34 369000 3470 136000 
4 40 7880.73 2.262091 144000 41200 358000 
5 41 280.57 1.041 3 10 24 
5 42 43.26 0.214 99000 10 68800 
5 43 1110.00 2.888 125000 0 64500 
5 44 2515.00 5.4955 155000 10 83400 
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5 45 171.70 0.767 153000 10 81600 
5 46 941.40 1.628 2 0 32 
5 47 1168.28 2.9116 630000 35 88100 
6 48 210.75 0.814 652000 276 159000 
6 49 1475.27 1.1092 533000 372 235000 
6 50 3774.83 3.839333 589000 2540 114000 
7 51 35.26 0.1245 4 0 10 
7 52 31.44 0.024 44 0 647 
7 53 353.40 0.394 10 0 248 
7 54 61.67 0.088 10 0 240 
7 55 1881.10 9.195959 268000 10 106000 
7 56 225.53 0.74725 169000 10 69600 
8 57 6721.13 5.876803 257000 10 60000 
8 58 131.60 0.369 461000 135 293000 
8 59 95.93 0.267667 478000 179 321000 
8 60 436.49 3.756667 461000 164 312000 
8 61 1283.03 11.225 455000 156 311000 
8 62 998.60 5.328 457000 151 317000 
8 63 1191.00 4.471 454000 135 316000 
8 64 1917.95 16.8 441000 124 309000 
8 65 119.13 0.2255 452000 88 314000 
8 66 676.00 2.409 471000 105 335000 
 67 13320.24 9.506931 816000 0 50400 
 68 1000.00 1 770000 0 96200 
 69 1000.00 1 481000 36400 287000 
 70 1000.00 1 332000 88400 364000 
 71 1000.00 1 424000 97500 350000 
 72 3367.20 2.008084 526000 42200 256000 
 73 15536.40 1.837949 295000 92200 363000 
 74 2000.00 1 360000 100000 267000 
 75 2000.00 1 323000 100000 230000 
 76 2000.00 1 341000 99800 244000 
 77 2000.00 1 352000 99700 257000 
 78 2000.00 1 355000 99700 262000 
 79 2000.00 1 360000 100000 267000 
 80 2000.00 1 310000 75200 165000 
 81 2000.00 1 392000 85300 258000 
 82 2000.00 1 363000 96000 280000 
 83 2000.00 1 697000 24600 172000 
 84 2000.00 1 360000 100000 267000 
 85 2000.00 1 342000 100000 248000 
 86 2000.00 1 360000 100000 267000 
 87 2000.00 1 360000 100000 267000 
 88 4391.32 11.58553 355000 100000 261000 
 89 4000.00 2 358000 100000 264000 
 90 7838.91 1.547522 329000 90200 232000 
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 91 1500.00 3 368000 97100 266000 
 92 1500.00 3 366000 98100 268000 
 93 1500.00 3 364000 98600 268000 
 94 1478.90 4.85 363000 98800 267000 
 95 1500.00 3 362000 98900 267000 
 96 1500.00 3 362000 99000 267000 
 97 1704.53 7.725 362000 99200 267000 
 98 1500.00 3 364000 98700 268000 
 99 1500.00 3 362000 99300 267000 
 100 0.00 0 0 0 0 
 101 1000.00 1 409000 216000 332000 
 102 1000.00 1 409000 216000 332000 
 103 1000.00 1 409000 216000 332000 
 104 1000.00 1 409000 216000 332000 
 105 3000.00 2 509000 172000 251000 
 106 1000.00 1 444000 186000 272000 
 107 1000.00 1 354000 250000 270000 
 108 1000.00 1 384000 216000 267000 
 109 1000.00 1 384000 216000 267000 
 110 3000.00 2 449000 149000 267000 
 111 3000.00 2 450000 150000 268000 
 112 3000.00 2 509000 172000 251000 
 113 1000.00 1 444000 186000 272000 
 114 1000.00 1 354000 250000 270000 
 115 1000.00 1 384000 216000 267000 
 116 1000.00 1 384000 216000 267000 
 117 3000.00 2 388000 216000 267000 
 118 3000.00 2 384000 216000 267000 

 



   

  

Table A-6. Alternative 5B: Dredging of Reservoir 2, AquaBlok® capping of Reservoirs 2 
and 1 and Saxonville Dam (excluding Segment 1). 
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3 1 4.20 0.05 2.00 0.00 0.30 
3 2 4.21 0.05 2.00 0.00 0.30 
3 3 3.77 0.05 2.00 0.00 0.30 
3 4 3.14 0.05 2.00 0.00 0.30 
3 5 2.64 0.05 2.00 0.00 0.30 
4 6 1.32 0.05 2.00 0.00 0.30 
4 7 2.88 0.05 2.00 0.00 0.30 
5 8 2.90 0.05 2.00 0.00 0.30 
5 9 2.90 0.05 2.00 0.00 0.30 
5 10 2.90 0.05 2.00 0.00 0.30 
5 11 2.90 0.05 2.00 0.00 0.30 
5 12 2.90 0.05 2.00 0.00 0.30 
5 13 2.90 0.05 2.00 0.00 0.30 
5 14 2.90 0.05 2.00 0.00 0.30 
6 15 2.90 0.05 2.00 0.00 0.30 
6 16 2.90 0.05 2.00 0.00 0.30 
6 17 2.90 0.05 2.00 0.00 0.30 
7 18 2.90 0.05 2.00 0.00 0.30 
7 19 2.90 0.05 2.00 0.00 0.30 
7 20 2.90 0.05 2.00 0.00 0.30 
7 21 2.90 0.05 2.00 0.00 0.30 
7 22 2.90 0.05 2.00 0.00 0.30 
7 23 2.90 0.05 6.00 0.00 0.30 
8 24 6.80 0.05 6.00 0.00 0.30 
8 25 7.04 0.05 6.00 0.00 0.30 
8 26 8.82 0.05 6.00 0.00 0.30 
8 27 6.77 0.05 6.00 0.00 0.30 
8 28 7.04 0.05 6.00 0.00 0.30 
8 29 6.75 0.05 6.00 0.00 0.30 
8 30 6.75 0.05 6.00 0.00 0.30 
8 31 6.75 0.05 6.00 0.00 0.30 
8 32 6.75 0.05 6.00 0.00 0.30 
8 33 6.75 0.05 6.00 0.00 0.30 
3 34 0.00 0.00 0.00 0.00 486400.00 
3 35 0.00 0.00 0.00 0.00 486400.00 
3 36 0.00 0.00 0.00 0.00 486400.00 
3 37 0.00 0.00 0.00 0.00 486400.00 
3 38 0.00 0.00 0.00 0.00 486400.00 
4 39 0.00 0.00 0.00 0.00 486400.00 
4 40 0.00 0.00 0.00 0.00 486400.00 
5 41 280.57 1.04 9.98 23.60 328.00 
5 42 43.26 0.21 10.00 68800.00 352.80 
5 43 1110.00 2.89 0.00 64500.00 313.60 
5 44 2515.00 5.50 10.00 83400.00 252.00 
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5 45 171.70 0.77 10.00 81600.00 252.00 
5 46 941.40 1.63 0.00 31.70 315.60 
5 47 1168.28 2.91 35.40 88100.00 700.00 
6 48 0.00 0.00 0.00 0.00 486400.00 
6 49 0.00 0.00 0.00 0.00 486400.00 
6 50 0.00 0.00 0.00 0.00 486400.00 
7 51 35.26 0.12 0.00 10.00 383.20 
7 52 31.44 0.02 0.29 647.00 408.40 
7 53 353.40 0.39 0.00 248.00 358.80 
7 54 61.67 0.09 0.00 240.00 430.00 
7 55 1881.10 9.20 10.00 106000.00 15000.00 
7 56 225.53 0.75 10.00 69600.00 2540.00 
8 57 6721.13 5.88 10.00 60000.00 392.80 
8 58 131.60 0.37 135.00 293000.00 469.20 
8 59 95.93 0.27 179.00 321000.00 404.00 
8 60 436.49 3.76 164.00 312000.00 530.40 
8 61 1283.03 11.23 156.00 311000.00 520.00 
8 62 998.60 5.33 151.00 317000.00 418.40 
8 63 1191.00 4.47 135.00 316000.00 421.60 
8 64 1917.95 16.80 124.00 309000.00 495.60 
8 65 119.13 0.23 88.30 314000.00 442.00 
8 66 676.00 2.41 105.00 335000.00 587.60 
3 67 1000.00 1.00 0.00 50400.00 402.00 
3 68 1000.00 1.00 0.00 96200.00 847.00 
3 69 1000.00 1.00 36400.00 287000.00 3350.00 
3 70 1000.00 1.00 88400.00 364000.00 4551.00 
3 71 1000.00 1.00 97500.00 350000.00 14640.00 
4 72 3367.20 2.01 42200.00 256000.00 14490.00 
4 73 15536.40 1.84 92200.00 363000.00 3858.40 
5 74 2000.00 1.00 100000.00 267000.00 820.00 
5 75 2000.00 1.00 100000.00 230000.00 882.00 
5 76 2000.00 1.00 99800.00 244000.00 784.00 
5 77 2000.00 1.00 99700.00 257000.00 630.00 
5 78 2000.00 1.00 99700.00 262000.00 630.00 
5 79 2000.00 1.00 100000.00 267000.00 789.00 
5 80 2000.00 1.00 75200.00 165000.00 1750.00 
6 81 2000.00 1.00 85300.00 258000.00 3600.00 
6 82 2000.00 1.00 96000.00 280000.00 3600.00 
6 83 2000.00 1.00 24600.00 172000.00 3600.00 
7 84 2000.00 1.00 100000.00 267000.00 958.00 
7 85 2000.00 1.00 100000.00 248000.00 1021.00 
7 86 2000.00 1.00 100000.00 267000.00 897.00 
7 87 2000.00 1.00 100000.00 267000.00 1075.00 
7 88 4391.32 11.59 100000.00 261000.00 37500.00 
7 89 4000.00 2.00 100000.00 264000.00 6350.00 
8 90 7838.91 1.55 90200.00 232000.00 982.00 
8 91 1500.00 3.00 97100.00 266000.00 1173.00 
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8 92 1500.00 3.00 98100.00 268000.00 1010.00 
8 93 1500.00 3.00 98600.00 268000.00 1326.00 
8 94 1478.90 4.85 98800.00 267000.00 1300.00 
8 95 1500.00 3.00 98900.00 267000.00 1046.00 
8 96 1500.00 3.00 99000.00 267000.00 1054.00 
8 97 1704.53 7.73 99200.00 267000.00 1239.00 
8 98 1500.00 3.00 98700.00 268000.00 1105.00 
8 99 1500.00 3.00 99300.00 267000.00 1469.00 
 100 0.00 0.00 0.00 0.00 1.00 
 101 1000.00 1.00 409000.00 216000.00 332000.00 
 102 1000.00 1.00 409000.00 216000.00 332000.00 
 103 1000.00 1.00 409000.00 216000.00 332000.00 
 104 1000.00 1.00 409000.00 216000.00 332000.00 
3 105 1000.00 1.00 509000.00 172000.00 251000.00 
3 106 1000.00 1.00 444000.00 186000.00 272000.00 
3 107 1000.00 1.00 354000.00 250000.00 270000.00 
3 108 1000.00 1.00 384000.00 216000.00 267000.00 
3 109 1000.00 1.00 384000.00 216000.00 267000.00 
4 110 3000.00 2.00 388000.00 216000.00 267000.00 
4 111 3000.00 2.00 384000.00 216000.00 267000.00 
3 112 3000.00 2.00 509000.00 172000.00 251000.00 
3 113 1000.00 1.00 444000.00 186000.00 272000.00 
3 114 1000.00 1.00 354000.00 250000.00 270000.00 
3 115 1000.00 1.00 384000.00 216000.00 267000.00 
3 116 1000.00 1.00 384000.00 216000.00 267000.00 
4 117 3000.00 2.00 388000.00 216000.00 267000.00 
4 118 3000.00 2.00 384000.00 216000.00 267000.00 

 



   

  

Table A-7. Alternative 5C: Dredging of the entire Reservoir 2 (including Segment 1) 
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3 1 4.2 0.1 2 0 0 
3 2 4.2 0.1 2 0 0 
3 3 3.8 0.1 2 0 0 
3 4 3.1 0.1 2 0 0 
4 5 2.6 0.1 2 0 0 
4 6 1.3 0.1 2 0 0 
4 7 2.9 0.1 2 0 0 
5 8 2.9 0.1 2 0 0 
5 9 2.9 0.1 2 0 0 
5 10 2.9 0.1 2 0 0 
5 11 2.9 0.1 2 0 0 
5 12 2.9 0.1 2 0 0 
5 13 2.9 0.1 2 0 0 
5 14 2.9 0.1 2 0 0 
6 15 2.9 0.1 2 0 0 
6 16 2.9 0.1 2 0 0 
6 17 2.9 0.1 2 0 0 
7 18 2.9 0.1 2 0 0 
7 19 2.9 0.1 2 0 0 
7 20 2.9 0.1 2 0 0 
7 21 2.9 0.1 2 0 0 
7 22 2.9 0.1 2 0 0 
7 23 2.9 0.1 6 0 0 
8 24 6.8 0.1 6 0 0 
8 25 7.0 0.1 6 0 0 
8 26 8.8 0.1 6 0 0 
8 27 6.8 0.1 6 0 0 
8 28 7.0 0.1 6 0 0 
8 29 6.8 0.1 6 0 0 
8 30 6.8 0.1 6 0 0 
8 31 6.8 0.1 6 0 0 
8 32 6.8 0.1 6 0 0 
8 33 6.8 0.1 6 0 0 
3 34 1000.0 1.0 509000 172000 251000 
3 35 1000.0 1.0 444000 186000 272000 
3 36 1000.0 1.0 354000 250000 270000 
3 37 1000.0 1.0 384000 216000 267000 
4 38 1000.0 1.0 384000 216000 267000 
4 39 868.1 1.3 388000 216000 267000 
4 40 7880.7 2.3 384000 216000 267000 
5 41 280.6 1.0 3 10 24 
5 42 43.3 0.2 99000 10 68800 
5 43 1110.0 2.9 125000 0 64500 
5 44 2515.0 5.5 155000 10 83400 
5 45 171.7 0.8 153000 10 81600 



   

  

R
ea

ch
 

Se
gm

en
t 

Hg(II) MeHg 
Silts and 

Fines 
(mg/L) 

Sands 
(mg/L) 

Organic 
Matter 
(mg/L) 

5 46 941.4 1.6 2 0 32 
5 47 1168.3 2.9 630000 35 88100 
6 48 210.8 0.8 652000 276 159000 
6 49 1475.3 1.1 533000 372 235000 
6 50 3774.8 3.8 589000 2540 114000 
7 51 35.3 0.1 4 0 10 
7 52 31.4 0.0 44 0 647 
7 53 353.4 0.4 10 0 248 
7 54 61.7 0.1 10 0 240 
7 55 1881.1 9.2 268000 10 106000 
7 56 225.5 0.7 169000 10 69600 
8 57 6721.1 5.9 257000 10 60000 
8 58 131.6 0.4 461000 135 293000 
8 59 95.9 0.3 478000 179 321000 
8 60 436.5 3.8 461000 164 312000 
8 61 1283.0 11.2 455000 156 311000 
8 62 998.6 5.3 457000 151 317000 
8 63 1191.0 4.5 454000 135 316000 
8 64 1918.0 16.8 441000 124 309000 
8 65 119.1 0.2 452000 88 314000 
8 66 676.0 2.4 471000 105 335000 
 67 1000.0 1.0 509000 172000 251000 
 68 1000.0 1.0 444000 186000 272000 
 69 1000.0 1.0 354000 250000 270000 
 70 1000.0 1.0 384000 216000 267000 
 71 1000.0 1.0 384000 216000 267000 
 72 3000.0 2.0 388000 216000 267000 
 73 3000.0 2.0 384000 216000 267000 
 74 2000.0 1.0 360000 100000 267000 
 75 2000.0 1.0 323000 100000 230000 
 76 2000.0 1.0 341000 99800 244000 
 77 2000.0 1.0 352000 99700 257000 
 78 2000.0 1.0 355000 99700 262000 
 79 2000.0 1.0 360000 100000 267000 
 80 2000.0 1.0 310000 75200 165000 
 81 2000.0 1.0 392000 85300 258000 
 82 2000.0 1.0 363000 96000 280000 
 83 2000.0 1.0 697000 24600 172000 
 84 2000.0 1.0 360000 100000 267000 
 85 2000.0 1.0 342000 100000 248000 
 86 2000.0 1.0 360000 100000 267000 
 87 2000.0 1.0 360000 100000 267000 
 88 4391.3 11.6 355000 100000 261000 
 89 4000.0 2.0 358000 100000 264000 
 90 7838.9 1.5 329000 90200 232000 
 91 1500.0 3.0 368000 97100 266000 
 92 1500.0 3.0 366000 98100 268000 
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(mg/L) 

 93 1500.0 3.0 364000 98600 268000 
 94 1478.9 4.9 363000 98800 267000 
 95 1500.0 3.0 362000 98900 267000 
 96 1500.0 3.0 362000 99000 267000 
 97 1704.5 7.7 362000 99200 267000 
 98 1500.0 3.0 364000 98700 268000 
 99 1500.0 3.0 362000 99300 267000 
 100 0.0 0.0 0 0 0 
 101 1000.0 1.0 409000 216000 332000 
 102 1000.0 1.0 409000 216000 332000 
 103 1000.0 1.0 409000 216000 332000 
 104 1000.0 1.0 409000 216000 332000 
 105 1000.0 1.0 509000 172000 251000 
 106 1000.0 1.0 444000 186000 272000 
 107 1000.0 1.0 354000 250000 270000 
 108 1000.0 1.0 384000 216000 267000 
 109 1000.0 1.0 384000 216000 267000 
 110 3000.0 2.0 388000 216000 267000 
 111 3000.0 2.0 384000 216000 267000 
 112 1000.0 1.0 509000 172000 251000 
 113 1000.0 1.0 444000 186000 272000 
 114 1000.0 1.0 354000 250000 270000 
 115 1000.0 1.0 384000 216000 267000 
 116 1000.0 1.0 384000 216000 267000 
 117 3000.0 2.0 388000 216000 267000 
 118 3000.0 2.0 384000 216000 267000 



   

  

Table A-8. Alternative 5D: AquaBlok® Capping of Reservoirs 2 and 1, and Saxonville 
Dam 
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Hg(II) MeHg 
Silts and 

Fines 
(mg/L) 

Sands 
(mg/L) 

Organic 
Matter 
(mg/L) 

3 1 4.20 0.05 2 0 0 
3 2 4.21 0.05 2 0 0 
3 3 3.77 0.05 2 0 0 
3 4 3.14 0.05 2 0 0 
4 5 2.64 0.05 2 0 0 
4 6 1.32 0.05 2 0 0 
4 7 2.88 0.05 2 0 0 
5 8 2.90 0.05 2 0 0 
5 9 2.90 0.05 2 0 0 
5 10 2.90 0.05 2 0 0 
5 11 2.90 0.05 2 0 0 
5 12 2.90 0.05 2 0 0 
5 13 2.90 0.05 2 0 0 
5 14 2.90 0.05 2 0 0 
6 15 2.90 0.05 2 0 0 
6 16 2.90 0.05 2 0 0 
6 17 2.90 0.05 2 0 0 
7 18 2.90 0.05 2 0 0 
7 19 2.90 0.05 2 0 0 
7 20 2.90 0.05 2 0 0 
7 21 2.90 0.05 2 0 0 
7 22 2.90 0.05 2 0 0 
7 23 2.90 0.05 6 0 0 
8 24 6.80 0.05 6 0 0 
8 25 7.04 0.05 6 0 0 
8 26 8.82 0.05 6 0 0 
8 27 6.77 0.05 6 0 0 
8 28 7.04 0.05 6 0 0 
8 29 6.75 0.05 6 0 0 
8 30 6.75 0.05 6 0 0 
8 31 6.75 0.05 6 0 0 
8 32 6.75 0.05 6 0 0 
8 33 6.75 0.05 6 0 0 
3 34 1000.00 1 509000 172000 251000 
3 35 1000.00 1 444000 186000 272000 
3 36 1000.00 1 354000 250000 270000 
3 37 1000.00 1 384000 216000 267000 
4 38 1000.00 1 384000 216000 267000 
4 39 868.10 1.34 369000 3470 136000 
4 40 7880.73 2.262091 144000 41200 358000 
5 41 280.57 1.041 3 10 24 
5 42 43.26 0.214 99000 10 68800 
5 43 1110.00 2.888 125000 0 64500 
5 44 2515.00 5.4955 155000 10 83400 
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5 45 171.70 0.767 153000 10 81600 
5 46 941.40 1.628 2 0 32 
5 47 1168.28 2.9116 630000 35 88100 
6 48 210.75 0.814 652000 276 159000 
6 49 1475.27 1.1092 533000 372 235000 
6 50 3774.83 3.839333 589000 2540 114000 
7 51 35.26 0.1245 4 0 10 
7 52 31.44 0.024 44 0 647 
7 53 353.40 0.394 10 0 248 
7 54 61.67 0.088 10 0 240 
7 55 1881.10 9.195959 268000 10 106000 
7 56 225.53 0.74725 169000 10 69600 
8 57 6721.13 5.876803 257000 10 60000 
8 58 131.60 0.369 461000 135 293000 
8 59 95.93 0.267667 478000 179 321000 
8 60 436.49 3.756667 461000 164 312000 
8 61 1283.03 11.225 455000 156 311000 
8 62 998.60 5.328 457000 151 317000 
8 63 1191.00 4.471 454000 135 316000 
8 64 1917.95 16.8 441000 124 309000 
8 65 119.13 0.2255 452000 88 314000 
8 66 676.00 2.409 471000 105 335000 
 67 1000.00 1 816000 0 50400 
 68 1000.00 1 770000 0 96200 
 69 1000.00 1 481000 36400 287000 
 70 1000.00 1 332000 88400 364000 
 71 1000.00 1 424000 97500 350000 
 72 3367.20 2.008084 526000 42200 256000 
 73 15536.40 1.837949 295000 92200 363000 
 74 2000.00 1 360000 100000 267000 
 75 2000.00 1 323000 100000 230000 
 76 2000.00 1 341000 99800 244000 
 77 2000.00 1 352000 99700 257000 
 78 2000.00 1 355000 99700 262000 
 79 2000.00 1 360000 100000 267000 
 80 2000.00 1 310000 75200 165000 
 81 2000.00 1 392000 85300 258000 
 82 2000.00 1 363000 96000 280000 
 83 2000.00 1 697000 24600 172000 
 84 2000.00 1 360000 100000 267000 
 85 2000.00 1 342000 100000 248000 
 86 2000.00 1 360000 100000 267000 
 87 2000.00 1 360000 100000 267000 
 88 4391.32 11.58553 355000 100000 261000 
 89 4000.00 2 358000 100000 264000 
 90 7838.91 1.547522 329000 90200 232000 
 91 1500.00 3 368000 97100 266000 
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 92 1500.00 3 366000 98100 268000 
 93 1500.00 3 364000 98600 268000 
 94 1478.90 4.85 363000 98800 267000 
 95 1500.00 3 362000 98900 267000 
 96 1500.00 3 362000 99000 267000 
 97 1704.53 7.725 362000 99200 267000 
 98 1500.00 3 364000 98700 268000 
 99 1500.00 3 362000 99300 267000 
 100 0.00 0 0 0 0 
 101 1000.00 1 409000 216000 332000 
 102 1000.00 1 409000 216000 332000 
 103 1000.00 1 409000 216000 332000 
 104 1000.00 1 409000 216000 332000 
 105 1000.00 1 509000 172000 251000 
 106 1000.00 1 444000 186000 272000 
 107 1000.00 1 354000 250000 270000 
 108 1000.00 1 384000 216000 267000 
 109 1000.00 1 384000 216000 267000 
 110 3000.00 2 449000 149000 267000 
 111 3000.00 2 450000 150000 268000 
 112 1000.00 1 509000 172000 251000 
 113 1000.00 1 444000 186000 272000 
 114 1000.00 1 354000 250000 270000 
 115 1000.00 1 384000 216000 267000 
 116 1000.00 1 384000 216000 267000 
 117 3000.00 2 388000 216000 267000 
 118 3000.00 2 384000 216000 267000 

 



   

  

Table A-9. Alternative 5A and 5B: Calculated loadings for mercury and solids into given 
water column segments from dredging underlying sediment layers. 
 

Loading 
into 

Segment 

Silts 
(kg) 

Sands 
(kg) 

Organic 
Matter 
(kg) 

Hg(II) 
(kg) 

MeHg  
(kg) 

2 89.2 14.6 27.3 5.62x10-4 1.09x10-6 
3 68.8 24.5 44.9 6.46x10-4 1.47x10-6 
4 59.6 22.5 59.3 7.60x10-4 1.93x10-6 
5 58.1 21.6 56.2 1.87x10-3 3.16x10-7 

 
Table A-10. Alternative 5C: Calculated loadings for mercury and solids into given water 
column segments from dredging underlying sediment layers. 

Loading 
into 

Segment 

Silts 
(kg) 

Sands 
(kg) 

Organic 
Matter 

(kg) 

Hg(II) 
(kg) 

MeHg  
(kg) 

1 139.8 26.0 41.4 9.3x10-4 7.6x10-7 
2 126.8 30.4 50.3 7.2x10-4 1.2x10-6 
3 98.8 45.7 67.8 7.9x10-4 1.6x10-6 
4 92.1 40.8 81.9 9.1x10-4 2.1x10-6 
5 90.7 39.9 78.9 2.0x10-3 4.6x10-7 

 
 
Table A-11. Alternative 5D: Calculated loadings for mercury and solids into given water 
column segments from dredging underlying sediment layers. 
 

Loading 
into 

Segment 

Silts 
(kg) 

Sands 
(kg) 

Organic 
Matter 
(kg) 

Hg(II) 
(kg) 

MeHg  
(kg) 

1 139.8 26.0 41.4 9.3x10-4 7.6x10-7 
2 126.8 30.4 50.3 7.2x10-4 1.2x10-6 
3 98.8 45.7 67.8 7.9x10-4 1.6x10-6 
4 92.1 40.8 81.9 9.1x10-4 2.1x10-6 
5 90.7 39.9 78.9 2.0x10-3 4.6x10-7 
6 106.2 35.7 61.8 6.1x10-4 4.7x10-7 
7 86.4 39.4 75.8 1.2x10-3 4.8x10-7 

15 120.6 20.2 67.9 3.6x10-4 2.0x10-7 
16 108.7 22.8 76.4 4.0x10-4 2.1x10-7 
17 190.2 5.9 45.6 5.4x10-4 3.3x10-7 

 



   

  

Table A-12. Alternative 6A: Dredging of the Great Meadows Wildlife Refuge (Wetlands) 

R
ea

ch
 

Se
gm

en
t 

HgT Hg(0) Hg(II) MeHg 
Silts and 

Fines 
(mg/L) 

Sands 
(mg/L) 

Organic 
Matter 
(mg/L) 

3 1 4.5 0.00 4.20 0.05 2.00 0.00 0.00 
3 2 4.5 0.00 4.21 0.05 2.00 0.00 0.00 
3 3 4.0 0.00 3.77 0.05 2.00 0.00 0.00 
3 4 3.3 0.00 3.14 0.05 2.00 0.00 0.00 
4 5 2.8 0.00 2.64 0.05 2.00 0.00 0.00 
4 6 1.4 0.00 1.32 0.05 2.00 0.00 0.00 
4 7 3.0 0.00 2.88 0.05 2.00 0.00 0.00 
5 8 3.0 0.00 2.90 0.05 2.00 0.00 0.00 
5 9 3.0 0.00 2.90 0.05 2.00 0.00 0.00 
5 10 3.0 0.00 2.90 0.05 2.00 0.00 0.00 
5 11 3.0 0.00 2.90 0.05 2.00 0.00 0.00 
5 12 3.0 0.00 2.90 0.05 2.00 0.00 0.00 
5 13 3.0 0.00 2.90 0.05 2.00 0.00 0.00 
5 14 3.0 0.00 2.90 0.05 2.00 0.00 0.00 
6 15 3.0 0.00 2.90 0.05 2.00 0.00 0.00 
6 16 3.0 0.00 2.90 0.05 2.00 0.00 0.00 
6 17 3.0 0.00 2.90 0.05 2.00 0.00 0.00 
7 18 3.0 0.00 2.90 0.05 2.00 0.00 0.00 
7 19 3.0 0.00 2.90 0.05 2.00 0.00 0.00 
7 20 3.0 0.00 2.90 0.05 2.00 0.00 0.00 
7 21 3.0 0.00 2.90 0.05 2.00 0.00 0.00 
7 22 3.0 0.00 2.90 0.05 2.00 0.00 0.00 
7 23 3.0 0.00 2.90 0.05 6.00 0.00 0.00 
8 24 7.0 0.00 6.80 0.05 6.00 0.00 0.00 
8 25 7.3 0.00 7.04 0.05 6.00 0.00 0.00 
8 26 9.0 0.00 8.82 0.05 6.00 0.00 0.00 
8 27 7.0 0.00 6.77 0.05 6.00 0.00 0.00 
8 28 7.3 0.00 7.04 0.05 6.00 0.00 0.00 
8 29 7.0 0.00 6.75 0.05 6.00 0.00 0.00 
8 30 7.0 0.00 6.75 0.05 6.00 0.00 0.00 
8 31 7.0 0.00 6.75 0.05 6.00 0.00 0.00 
8 32 7.0 0.00 6.75 0.05 6.00 0.00 0.00 
8 33 7.0 0.00 6.75 0.05 6.00 0.00 0.00 
3 34 3,440.4 0.00 3434.10 6.34 342000.00 0.00 21800.00 
3 35 2,609.6 0.00 2604.51 5.07 407000.00 0.00 51500.00 
3 36 4,823.5 0.00 4819.51 3.94 479000.00 5590.00 234000.00 
3 37 12,922.9 0.00 12918.71 4.16 265000.00 52500.00 502000.00 
4 38 13,004.0 0.00 13000.00 4.00 115000.00 47300.00 444000.00 
4 39 869.4 0.00 868.10 1.34 369000.00 3470.00 136000.00 
4 40 7,883.0 0.00 7880.73 2.26 144000.00 41200.00 358000.00 
5 41 281.6 0.00 280.57 1.04 2.99 9.98 23.60 
5 42 43.5 0.00 43.26 0.21 99000.00 10.00 68800.00 
5 43 1,112.9 0.00 1110.00 2.89 125000.00 0.00 64500.00 
5 44 2,520.5 0.00 2515.00 5.50 155000.00 10.00 83400.00 
5 45 172.5 0.00 171.70 0.77 153000.00 10.00 81600.00 
5 46 943.0 0.00 941.40 1.63 1.83 0.00 31.70 
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HgT Hg(0) Hg(II) MeHg 
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(mg/L) 
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(mg/L) 

5 47 1,171.2 0.00 1168.28 2.91 630000.00 35.40 88100.00 
6 48 211.6 0.00 210.75 0.81 652000.00 276.00 159000.00 
6 49 1,476.4 0.00 1475.27 1.11 533000.00 372.00 235000.00 
6 50 3,778.7 0.00 3774.83 3.84 589000.00 2540.00 114000.00 
7 51 35.4 0.00 35.26 0.12 3.58 0.00 10.00 
7 52 31.5 0.00 31.44 0.02 43.50 0.29 647.00 
7 53 353.8 0.00 353.40 0.39 9.90 0.00 248.00 
7 54 61.8 0.00 61.67 0.09 9.85 0.00 240.00 
7 55 1,890.3 0.00 1881.10 9.20 268000.00 10.00 106000.00 
7 56 226.3 0.00 225.53 0.75 169000.00 10.00 69600.00 
8 57 6,727.0 0.00 6721.13 5.88 257000.00 10.00 60000.00 
8 58 3.9 0.00 3.00 0.90 368000.00 97100.00 266000.00 
8 59 3.9 0.00 3.00 0.90 366000.00 98100.00 268000.00 
8 60 3.9 0.00 3.00 0.90 364000.00 98600.00 268000.00 
8 61 3.9 0.00 3.00 0.90 363000.00 98800.00 267000.00 
8 62 3.9 0.00 3.00 0.90 362000.00 98900.00 267000.00 
8 63 3.9 0.00 3.00 0.90 362000.00 99000.00 267000.00 
8 64 3.9 0.00 3.00 0.90 362000.00 99200.00 267000.00 
8 65 3.9 0.00 3.00 0.90 364000.00 98700.00 268000.00 
8 66 3.9 0.00 3.00 0.90 362000.00 99300.00 267000.00 
 67 13,329.7 0.00 13320.24 9.51 816000.00 0.00 50400.00 
 68 10,110.0 0.00 10102.40 7.60 770000.00 0.00 96200.00 
 69 10,007.5 0.00 10000.00 7.50 481000.00 36400.00 287000.00 
 70 4,582.5 0.00 4555.80 26.70 332000.00 88400.00 364000.00 
 71 25,632.0 0.00 25628.75 3.25 424000.00 97500.00 350000.00 
 72 3,369.2 0.00 3367.20 2.01 526000.00 42200.00 256000.00 
 73 15,538.2 0.00 15536.40 1.84 295000.00 92200.00 363000.00 
 74 2,001.0 0.00 2000.00 1.00 360000.00 100000.00 267000.00 
 75 2,001.0 0.00 2000.00 1.00 323000.00 100000.00 230000.00 
 76 2,001.0 0.00 2000.00 1.00 341000.00 99800.00 244000.00 
 77 2,001.0 0.00 2000.00 1.00 352000.00 99700.00 257000.00 
 78 2,001.0 0.00 2000.00 1.00 355000.00 99700.00 262000.00 
 79 2,001.0 0.00 2000.00 1.00 360000.00 100000.00 267000.00 
 80 2,001.0 0.00 2000.00 1.00 310000.00 75200.00 165000.00 
 81 2,001.0 0.00 2000.00 1.00 392000.00 85300.00 258000.00 
 82 2,001.0 0.00 2000.00 1.00 363000.00 96000.00 280000.00 
 83 2,001.0 0.00 2000.00 1.00 697000.00 24600.00 172000.00 
 84 2,001.0 0.00 2000.00 1.00 360000.00 100000.00 267000.00 
 85 2,001.0 0.00 2000.00 1.00 342000.00 100000.00 248000.00 
 86 2,001.0 0.00 2000.00 1.00 360000.00 100000.00 267000.00 
 87 2,001.0 0.00 2000.00 1.00 360000.00 100000.00 267000.00 
 88 4,402.9 0.00 4391.32 11.59 355000.00 100000.00 261000.00 
 89 4,002.0 0.00 4000.00 2.00 358000.00 100000.00 264000.00 
 90 7,840.5 0.00 7838.91 1.55 329000.00 90200.00 232000.00 
 91 1.7 0.00 1.00 0.70 368000.00 97100.00 266000.00 
 92 1.7 0.00 1.00 0.70 366000.00 98100.00 268000.00 
 93 1.7 0.00 1.00 0.70 364000.00 98600.00 268000.00 
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 94 1.7 0.00 1.00 0.70 363000.00 98800.00 267000.00 
 95 1.7 0.00 1.00 0.70 362000.00 98900.00 267000.00 
 96 1.7 0.00 1.00 0.70 362000.00 99000.00 267000.00 
 97 1.7 0.00 1.00 0.70 362000.00 99200.00 267000.00 
 98 1.7 0.00 1.00 0.70 364000.00 98700.00 268000.00 
 99 1.7 0.00 1.00 0.70 362000.00 99300.00 267000.00 
 100 0.0 0.00 0.00 0.00 0.00 0.00 0.13 
 101 21,032.6 0.00 21026.22 6.41 108000.00 3010.00 514000.00 
 102 27,619.5 0.00 27606.05 13.45 262000.00 93300.00 513000.00 
 103 26,854.0 0.00 26850.70 3.30 342000.00 155000.00 371000.00 
 104 21,738.0 0.00 21736.90 1.10 409000.00 216000.00 332000.00 
 105 3,002.0 0.00 3000.00 2.00 616000.00 98100.00 152000.00 
 106 2,579.0 0.00 2572.50 6.50 484000.00 159000.00 224000.00 
 107 3,832.0 0.00 3819.50 12.50 310000.00 287000.00 270000.00 
 108 837.5 0.00 817.75 19.75 426000.00 174000.00 267000.00 
 109 13,078.0 0.00 13077.30 0.70 450000.00 150000.00 267000.00 
 110 3,002.0 0.00 3000.00 2.00 449000.00 149000.00 267000.00 
 111 3,002.0 0.00 3000.00 2.00 450000.00 150000.00 268000.00 
 112 3,002.0 0.00 3000.00 2.00 509000.00 172000.00 251000.00 
 113 1,238.0 0.00 1225.60 12.40 444000.00 186000.00 272000.00 
 114 527.0 0.00 509.80 17.20 354000.00 250000.00 270000.00 
 115 3,550.0 0.00 3545.15 4.85 384000.00 216000.00 267000.00 
 116 3,080.5 0.00 3078.65 1.85 384000.00 216000.00 267000.00 
 117 3,002.0 0.00 3000.00 2.00 388000.00 216000.00 267000.00 
 118 3,002.0 0.00 3000.00 2.00 384000.00 216000.00 267000.00 
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Appendix D
Table 1
Chemical-Specific Applicable or Relevant and Appropriate Requirements - 
Nyanza Chemical Waste Dump Superfund Site
OU4 - Sudbury River
Ashland, Massachusetts

NH-2423-2010-F 1 of 1 Nobis Engineering, Inc.

Requirement Requirement Synopsis Determination of 
Applicability

Ability of Alternative 1 
to Meet ARAR (No 

Action)

Ability of Alternative 2 to 
Meet ARAR (Limited 

Action)

Ability of Alternative 3A to 
Attain ARAR (MNR)

Ability of Alternative 3B to 
Attain ARAR (ENR with 

thin sand layer, Reach 3)

Ability of Alternative 3C to 
Attain ARAR (ENR with 

thin sand layer, Reaches 3, 
4, 6)

Ability of Alternative 4A to 
Attain ARAR (AquaBlok 

cap, Reach 3)

Ability of Alternative 4B 
to Attain ARAR 
(AquaBlok cap, 
Reaches 3, 4,6)

Ability of Alternatives 5A-
5D to Attain ARAR (dredge 

and remove)

Federal ARARs

Clean Water Act § 
304(a), National 
Recommended 
Water Quality 
Criteria (NRWQC).  
EPA’s 
methylmercury 
NRWQC is 
discussed in 
several guidance 
memos, including 
EPA Pub. No. 823-
R-01-001 and EPA 
Pub. No. 823-B-04-
001.

NRWQC are developed 
under the Clean Water 
Act (CWA) as guidelines 
from which states 
develop water quality 
standards, and are 
potentially relevant and 
appropriate under 
CERCLA 121(d)(2)(B)(i).   
The NRWQC for 
methylmercury is 
expressed as a fish 
tissue residue 
concentration of 0.3 
mg/kg.

To be considered (TBC).  
Because background levels 
(0.43 mg/kg  of 
methylmercury in fish tissue) 
and the site-specific, risk-
based fish tissue residual 
concentration for 
methylmercury required to 
attain a Hazard Index below 
1.0 (0.48 mg/kg of 
methylmercury in fish tissue) 
are higher than the NRWQC 
for methylmercury (0.3 
mg/kg of methylmercury in 
fish tissue), the 
methylmercury NRWQC is 
currently not relevant and 
appropriate.  In place of the 
NRWQC, this FS has 
developed a site-specific, 
risk-based fish tissue 
residue concentration. 

Fish tissue 
concentrations of 
methylmercury are 
expected to decline 
naturally over the next 
30 years, but not to 
concentrations as low as 
the NRWQC. 

Fish tissue concentrations 
of methylmercury are 
expected to decline 
naturally over the next 30 
years, but not to 
concentrations as low as 
the NRWQC. 

Fish tissue concentrations of 
methylmercury are expected 
to decline naturally over the 
next 30 years, but not to 
concentrations as low as the 
NRWQC. 

Fish tissue concentrations 
of methylmercury are 
expected to decline under 
this alternative over the next 
30 years, but not to 
concentrations as low as the 
NRWQC. 

Fish tissue concentrations of 
methylmercury are expected 
to decline under this 
alternative over the next 30 
years, but not to 
concentrations as low as the 
NRWQC. 

Fish tissue concentrations of 
methylmercury are expected 
to decline under this 
alternative over the next 30 
years, but not to 
concentrations as low as the 
NRWQC. 

Fish tissue concentrations 
of methylmercury are 
expected to decline under 
this alternative over the 
next 30 years, but not to 
concentrations as low as 
the NRWQC. 

Fish tissue concentrations of 
methylmercury are expected 
to decline under these 
alternatives over the next 30 
years, but not to 
concentrations as low as the 
NRWQC. 

Reference Dose 
(RfD)

Guidance used to 
compute human health 
hazard resulting from 
exposure to non-
carcinogens in Site 
media, including 
mercury.

TBC.   The RfD for mercury was 
used to compute a risk-
based fish tissue 
concentration safe for 
human consumption. 

The RfD for mercury was 
used to compute a risk-
based fish tissue 
concentration safe for 
human consumption. 

The RfD for mercury was 
used to compute a risk-
based fish tissue 
concentration safe for 
human consumption. 

The RfD for mercury was 
used to compute a risk-
based fish tissue 
concentration safe for 
human consumption. 

The RfD for mercury was 
used to compute a risk-
based fish tissue 
concentration safe for 
human consumption. 

The RfD for mercury was 
used to compute a risk-based 
fish tissue concentration safe 
for human consumption. 

The RfD for mercury was 
used to compute a risk-
based fish tissue 
concentration safe for 
human consumption. 

The RfD for mercury was 
used to compute a risk-
based fish tissue 
concentration safe for 
human consumption. 

State ARARs

Surface Water 
Quality Standards  
(314 CMR 4.00) 

Massachusetts Surface 
Water Quality standards 
for toxic pollutants in 
Class B waters are 
essentially the same as 
the NRWQC.

TBC.  See the discussion of 
the NRWQC, above.

See the discussion of the 
NRWQC, above. 

See the discussion of the 
NRWQC, above. 

See the discussion of the 
NRWQC, above. 

See the discussion of the 
NRWQC, above. 

See the discussion of the 
NRWQC, above. 

See the discussion of the 
NRWQC, above. 

See the discussion of the 
NRWQC, above. 

See the discussion of the 
NRWQC, above. 
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Requirement Requirement
 Synopsis

Determination 
of Applicability

Ability of Alternative 1 
to Meet ARAR 

(No Action)

Ability of Alternative 2
to Meet ARAR

 (Limited Action)

Ability of Alternative 3A 
to Attain ARAR (MNR)

Ability of Alternative 3B
 to Attain ARAR 

(ENR with thin sand layer, 
Reach 3)

Ability of Alternative 3C 
to Attain ARAR 

(ENR with thin sand layer, 
Reaches 3, 4, 6)

Ability of Alternative 4A
 to Attain ARAR

 (AquaBlok cap, Reach 3)

Ability of Alternative 4B 
to Attain ARAR (AquaBlok 

cap, Reaches 3, 4,6)

Ability of Alternatives 
5A-5D to Attain ARAR 
(dredge and remove)

Federal ARARs
Wetlands Executive 
Order (Executive 
Order 11990)

Under this requirement, 
no activity that adversely 
affects a wetland is 
permitted if a practicable 
alternative with lesser 
effects is available.  If 
activity takes place, 
impacts must be 
minimized to the 
maximum extent.

TBC.  Although the 
EO is no longer 
codified in the CFR, 
EPA follows the EO 
as a matter of policy.

There would be no impact on 
wetlands, except that wetland 
environments would continue 
to be degraded by mercury.

There would be no impact on 
wetlands, except that wetland 
environments would continue 
to be degraded by mercury.

There would be no impact on 
wetlands, except that wetland 
environments would continue to 
be degraded by mercury.

The thin sand layer constitutes 
a temporary degradation of a 
wetland.  Apart from the 
AquaBlok 4A alternative, which 
is roughly equal in its impact on 
the aquatic environment, it 
appears that other practicable 
alternatives would have greater 
impacts.  Alternatives 3C and 
4B would have a greater 
footprint in the river, without 
significantly improving 
protectiveness.  MNR without 
enhancement would not reduce 
the concentration of mercury in 
fish.  The excavation 
alternatives would involve 
greater disturbances of wetland 
environments but are not 
significantly more protective.  

The thin sand layer constitutes a 
temporary degradation of a 
wetland.  Alternative 3B and 4A 
are practical alternatives with 
lower impacts; they are 
approximately as protective but 
have a smaller footprint in the 
river. 

The AquaBlok layer constitutes a 
temporary degradation of a 
wetland.  Apart from the thin sand 
cap alternative (3B), which is 
roughly equal in its impact on the 
aquatic environment, it appears 
that other practicable alternatives 
would have greater impacts.  
Alternatives 3C and 4B would 
have a greater footprint in the 
river, without significantly more 
protectiveness.  MNR without 
enhancement would not reduce 
the concentration of mercury in 
fish.  The excavation alternatives 
would involve greater 
disturbances of wetland 
environments but are not 
significantly more protective.  

The AquaBlok layer constitutes 
a temporary degradation of a 
wetland.  Alternative 3B and 4A 
are practical alternatives with 
lower impacts; they are 
approximately as protective but 
have a smaller footprint in the 
river. 

Dredging and removing 
constitute at least a 
temporary degradation 
of a wetland.  It 
appears that there are 
practical alternatives 
with lesser impacts 
(enhanced MNR with a 
thin sand layer).  

Floodplain 
Management and 
Wetlands Protection 
(Executive Order 
11988)

Under this standard, 
agencies are required to 
take action to avoid the 
long- and short-term 
impacts associated with 
the occupancy and 
modifications related to 
floodplain development, 
wherever there is a 
practicable alternative.  
Promotes the 
preservation and 
restoration of floodplains 
so that their natural and 
beneficial value can be 
realized. 

TBC.  Although the 
EO is no longer 
codified in the CFR, 
EPA follows the EO 
as a matter of policy.  

No floodplains impacts. No floodplains impacts. Implementation of monitoring to 
evaluate Monitored Natural 
Recovery will not require any 
alterations to the Sudbury River 
floodplains. 

Installation of the thin sand 
layer will have minor short-term 
impacts on the floodplain (i.e., 
staging areas on the floodplain).  
There is no long term impact 
because the thin sand layer will 
not diminish flood storage -- the 
surface water level in the reach 
is controlled (even in non-flood 
conditions) by constant outflows 
over the dam; changing the 
depth to bottom will not change 
the surface water level in the 
reach.   

Installation of the thin sand layer 
will have minor short-term 
impacts on the floodplain (i.e., 
staging areas on the floodplain).  
There is no long term impact 
because the thin sand layer will 
not diminish flood storage -- see 
discussion under Alt. 3B.  It is 
possible that some dredging 
and removal will be performed 
in lieu of capping to avoid a cap 
protruding above water.

Installation of the AquaBlok layer 
will have minor short-term 
impacts on the floodplain (i.e., 
staging areas on the floodplain).  
There is no long term impact 
because the thin sand layer will 
not diminish flood storage -- see 
discussion under Alt. 3B.  

Installation of the AquaBlok 
layer will have minor short-term 
impacts on the floodplain (i.e., 
staging areas on the floodplain).  
There is no long term impact 
because the thin sand layer will 
not diminish flood storage -- see 
discussion under Alt. 3B.  It is 
possible that some dredging and 
removal will be performed in lieu 
of capping to avoid bringing 
certain areas above water.

Excavation and 
removal will have short-
term impacts on the 
floodplain (i.e., staging 
areas on the 
floodplain).  
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Requirement Requirement
 Synopsis

Determination 
of Applicability

Ability of Alternative 1 
to Meet ARAR 

(No Action)

Ability of Alternative 2
to Meet ARAR

 (Limited Action)

Ability of Alternative 3A 
to Attain ARAR (MNR)

Ability of Alternative 3B
 to Attain ARAR 

(ENR with thin sand layer, 
Reach 3)

Ability of Alternative 3C 
to Attain ARAR 

(ENR with thin sand layer, 
Reaches 3, 4, 6)

Ability of Alternative 4A
 to Attain ARAR

 (AquaBlok cap, Reach 3)

Ability of Alternative 4B 
to Attain ARAR (AquaBlok 

cap, Reaches 3, 4,6)

Ability of Alternatives 
5A-5D to Attain ARAR 
(dredge and remove)

Wild and Scenic 
Rivers Act, 16 U.S.C. 
1271 et seq.

The Wild and Scenic 
Rivers Act protects rivers 
designated as wild, 
scenic, or recreational 
and requires that they be 
preserved in free-flowing 
condition.  Under Section 
1278(c), agencies are 
required to inform the 
relevant agency, in this 
case the National Park 
Service, of proceedings, 
studies or activities that 
may affect the river.  
NPS is required to 
cooperate with EPA to 
reduce water pollution in 
the river.

Applicable.  By 
statute, see 16 U.S.C. 
1274(a)(160)(A)(i) 
and (ii), 14.9 miles of 
the Sudbury River, 
from the Danforth 
Street bridge in 
Framingham to the 
Route 2 bridge in 
Concord, have been 
designated as scenic, 
and the remaining 1.7 
miles of the Sudbury 
River (Rt. 2 to 
confluence with the 
Assabet River at Egg 
Rock in Concord) 
have been classified 
as recreational.  In 
addition, an 8-mile 
segment of the 
Concord River 
(downstream of study 
area), from Egg Rock 
to the Rt 3 bridge in 
Billerica, is 
designated 
recreational.

No impacts on scenic quality. No impacts on scenic quality. Monitoring conducted under 
Monitored Natural Recovery is 
not expected to impact the 
scenic quality of the Sudbury 
River within portions 
demarcated as scenic (Reach 7 
through Reach 10 of the study 
area).  

Impacts to the scenic quality of 
the demarcated portion of the 
Sudbury River (Reach 7 
through Reach 10) are not 
expected, in that the thin sand 
layer would not be applied in 
these reaches.  

Impacts to the scenic quality of 
the demarcated portion of the 
Sudbury River (Reach 7 through 
Reach 10) are not expected, in 
that the thin sand layer would 
not be applied in these reaches.  

Impacts to the scenic quality of 
the demarcated portion of the 
Sudbury River (Reach 7 through 
Reach 10) are not expected, in 
that the AquaBlok layer would not 
be applied in these reaches.  

Impacts to the scenic quality of 
the demarcated portion of the 
Sudbury River (Reach 7 through 
Reach 10) are not expected, in 
that the AquaBlok layer would 
not be applied in these reaches.  

Impacts to the scenic 
quality of the 
demarcated portion of 
the Sudbury River 
(Reach 7 through 
Reach 10) are not 
expected, in that the 
dredging and removal 
would not be performed 
in these reaches.  

Historic Sites Act of 
1935 (16 USC § 469); 
National Historic 
Preservation Act of 
1966 (16 USC § 470; 
36 CFR Part 800)

Requires consultation 
with Dep’t, of Interior and 
Advisory Council on 
Historic Preservation with 
respect to actions 
affecting national historic 
landmarks and other 
historic properties.  

Potentially applicable.  
No areas of concern 
have been identified 
to date, but a review 
of currently listed 
historical places will 
be undertaken at 
MHC prior to 
conducting any 
remedial or support 
activities.  

No impacts on historically 
sensitive areas. 

No impacts on historically 
sensitive areas. 

Implementation of monitoring to 
evaluate Monitored Natural 
Recovery is not anticipated to 
impact any historically sensitive 
areas (if present) as all 
collection techniques will be non-
intrusive. 

The thin sand layer is not 
anticipated to impact any 
historically sensitive areas. 
During remedy implementation, 
any identified anomalies will be 
left in place and reviewed in 
consultation with a local expert.   

The thin sand layer is not 
anticipated to impact any 
historically sensitive areas. 
During remedy implementation, 
any identified anomalies will be 
left in place and reviewed in 
consultation with a local expert.   

The AquaBlok layer is not 
anticipated to impact any 
historically sensitive areas. 
During remedy implementation, 
any identified anomalies will be 
left in place and reviewed in 
consultation with a local expert.   

The AquaBlok layer is not 
anticipated to impact any 
historically sensitive areas. 
During remedy implementation, 
any identified anomalies will be 
left in place and reviewed in 
consultation with a local expert.   

Dredging and removal 
are not anticipated to 
impact any historically 
sensitive areas. During 
remedy 
implementation, any 
identified anomalies will 
be left in place and 
reviewed in 
consultation with a local 
expert.   

State ARARs
Wetlands Protection 
Act - riverbed 
performance 
standards (310 CMR 
10.56)

There can be no 
diminution in water-
carrying capacity, SW 
quality, and the 
riverbed’s habitat.  

Applicable. This alternative will not affect 
capacity, SW quality or 
habitat. 

This alternative will not affect 
capacity, SW quality or 
habitat.

This alternative will not affect 
capacity, SW quality or habitat. 

The addition of 6 inches of 
clean sand is not anticipated to 
significantly degrade water-
carrying capacity or habitat in 
the riverbed.  Surface water 
quality will be improved as a 
result of the dilution of mercury 
concentrations in sediments.

The addition of 6 inches of clean 
sand is not anticipated to 
significantly degrade water-
carrying capacity or habitat in 
the riverbed.  Surface water 
quality will be improved as a 
result of the dilution of mercury 
concentrations in sediments.

The AquaBlok layer is not 
anticipated to significantly 
degrade water-carrying capacity 
or habitat in the riverbed.  
Surface water quality will be 
improved as a result of the 
dilution of mercury concentrations 
in sediments.  A sand layer would 
be added on top of the AquaBlok 
to restore habitat.

The AquaBlok layer is not 
anticipated to significantly 
degrade water-carrying capacity 
or habitat in the riverbed.  
Surface water quality will be 
improved as a result of the 
dilution of mercury 
concentrations in sediments.  A 
sand layer would be added on 
top of the AquaBlok to restore 
habitat.  

There will be some 
temporary impairment 
of habit and surface 
water quality in the 
areas where sediment 
is removed 
(notwithstanding 
mitigations such as 
Eddy pumps and silt 
curtains), although 
surface water quality 
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Requirement Requirement
 Synopsis

Determination 
of Applicability

Ability of Alternative 1 
to Meet ARAR 

(No Action)

Ability of Alternative 2
to Meet ARAR

 (Limited Action)

Ability of Alternative 3A 
to Attain ARAR (MNR)

Ability of Alternative 3B
 to Attain ARAR 

(ENR with thin sand layer, 
Reach 3)

Ability of Alternative 3C 
to Attain ARAR 

(ENR with thin sand layer, 
Reaches 3, 4, 6)

Ability of Alternative 4A
 to Attain ARAR

 (AquaBlok cap, Reach 3)

Ability of Alternative 4B 
to Attain ARAR (AquaBlok 

cap, Reaches 3, 4,6)

Ability of Alternatives 
5A-5D to Attain ARAR 
(dredge and remove)

Wetlands Protection 
Act - riverfront and 
bank performance 
standards (310 CMR 
10.54 and 10.58)

In riverfront areas (area 
within 200 feet of high-
water line), there must be 
no practicable and 
substantially equivalent 
economic alternatives to 
the proposed project with 
less adverse effects on 
the wetland interests, 
and there must be no 
significant adverse 
impact.  In river bank 
areas (the land between 
the river and an 
upland/wetland/ 
floodplain), occupancy 
shall not impair the 
stability of the bank, 
water carrying capacity of 
the river, water quality, 
and habitat functions.

Applicable. No alterations to riverfront 
and bank areas. 

No alterations to riverfront 
and bank areas. 

Implementation of monitoring to 
evaluate Monitored Natural 
Recovery will not require any 
alterations to riverfront and bank 
areas. 

The impacts on riverfront areas 
are temporary impacts from 
construction of staging areas, 
haul roads, etc.; these are not 
significant and there is no 
practicable and substantially 
equivalent economic 
alternative, except Alt. 4A.  This 
storage can be accomplished 
without impairing the stability, 
water carrying capacity, or 
habitat functions of the bank. 

Same as under Alt. 3B, except 
staging areas would have to be 
constructed in more reaches, 
without significantly improving 
protectiveness.  There is 
therefore a practical alternative 
with lower impacts. 

Same as under Alt. 3B. Same as under Alt. 3B, except 
staging areas would have to be 
constructed in more reaches, 
without significantly improving 
protectiveness.  There is 
therefore a practical alternative 
with lower impacts. 

There will be short-term 
impacts on riverbank 
areas because 
excavation equipment 
will be stored there.  
There is a practical and 
substantially equivalent 
economic alternative in 
the form of the thin 
sand layer or AquaBlok 
layer, either of which 
would require storage 
of less equipment.  

Wetlands Protection 
Program Policy 90-2: 
Standards and 
Procedures for 
Determining Adverse 
Impacts to Rare 
Species; 310 CMR 
10.37 (wetlands 
regulations related to 
habitat of wetlands 
rare species)

Forbids actions that have 
short-term or long-term 
adverse impacts to the 
habitat(s) of state-listed 
species.  Reaches 1, 8 
and 10 appear to be rare 
species habitats.

Applicable to rare 
species habitat(s) in 
or proximate to 
reaches undergoing 
remediation.

No impacts in relevant 
reaches. 

No impacts in relevant 
reaches. 

No impacts in relevant reaches. No impacts in relevant reaches. No impacts in relevant reaches. No impacts in relevant reaches. No impacts in relevant reaches. No impacts in relevant 
reaches. 

Massachusetts Dam 
Safety Rules and 
Regulations (302 
CMR 10.00)

Dam standards set by 
the height and storage 
capacity of the dam and 
by the dam's hazard 
potential.  Establishes 
safety, operation, 
maintenance and 
inspection requirements.

TBC.  Relevant to 
capping alternatives, 
which may require 
dam maintenance to 
preserve integrity of 
caps.

NA NA NA The effectiveness of this 
alternative may be dependent 
on actions to maintain the 
integrity of dams at the Site, 
insofar as the dam may help 
prevent the thin sand layer from 
washing away. Dams will be 
maintained consistent with 
these standards. 

The effectiveness of this 
alternative may be dependent 
on actions to maintain the 
integrity of dams at the Site, 
insofar as the dam may help 
prevent the thin sand layer from 
washing away. Dams will be 
maintained consistent with 
these standards. 

The effectiveness of this 
alternative may be dependent on 
actions to maintain the integrity of 
dams at the Site, insofar as the 
dam may help prevent the 
AquaBlok layer from washing 
away. Dams will be maintained 
consistent with these standards. 

The effectiveness of this 
alternative may be dependent 
on actions to maintain the 
integrity of dams at the Site, 
insofar as the dam may help 
prevent the AquaBlok from 
washing away. Dams will be 
maintained consistent with these 
standards. 

NA

State and/or local fish 
advisories

The Massachusetts 
Department of Public 
Health currently advises 
against consumption of 
any fish from the 
Sudbury River between 
Ashland and Concord, 
due to mercury 
contamination.

TBC. The no action alternative is 
protective only insofar as 
state and/or local advisories 
continue to be promulgated.  

This alternative would require 
coordination with MassDPH 
to ensure continued 
promulgation of fish 
advisories. 

This alternative would require 
coordination with MassDPH to 
ensure continued promulgation 
of fish advisories. 

This alternative would require 
coordination with MassDPH to 
ensure continued promulgation 
of fish advisories. 

This alternative would require 
coordination with MassDPH to 
ensure continued promulgation 
of fish advisories. 

This alternative would require 
coordination with MassDPH to 
ensure continued promulgation of 
fish advisories. 

This alternative would require 
coordination with MassDPH to 
ensure continued promulgation 
of fish advisories. 

These alternatives 
would require 
coordination with 
MassDPH to ensure 
continued promulgation 
of fish advisories. 
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Requirement Requirement
 Synopsis

Determination 
of Applicability

Ability of Alternative 1 
to Meet ARAR 

(No Action)

Ability of Alternative 2
to Meet ARAR

 (Limited Action)

Ability of Alternative 3A 
to Attain ARAR (MNR)

Ability of Alternative 3B
 to Attain ARAR 

(ENR with thin sand layer, 
Reach 3)

Ability of Alternative 3C 
to Attain ARAR 

(ENR with thin sand layer, 
Reaches 3, 4, 6)

Ability of Alternative 4A
 to Attain ARAR

 (AquaBlok cap, Reach 3)

Ability of Alternative 4B 
to Attain ARAR (AquaBlok 

cap, Reaches 3, 4,6)

Ability of Alternatives 
5A-5D to Attain ARAR 
(dredge and remove)

Antiquities Act and 
Regulations (Mass. 
Gen. Laws. ch. 9, 
§§26-27); 
Massachusetts 
Historical Commission 
(950 CMR § 70.00); 
Antiquities Act and 
Regulations (Mass. 
Gen. Laws. ch. 9, §§ 
26-27); Protection of 
Properties Included in 
the State Register of 
Historic Places (950 
CMR § 71.00)

Projects which are state-
funded or state-licensed 
or which are on state 
property must eliminate, 
minimize, or mitigate 
adverse effects to 
properties listed in the 
register of historic 
places.  Establishes state 
register of historic 
places. 

Relevant and 
appropriate.

No impact on historic areas. No impact on historic areas. Implementation of monitoring to 
evaluate Monitored Natural 
Recovery is not anticipated to 
impact any historically sensitive 
areas (if present) as all 
collection techniques will be non-
intrusive. 

The thin sand layer is not 
anticipated to impact any 
historically sensitive areas. 
During remedy implementation, 
any identified anomalies will be 
left-in-place and reviewed in 
consultation with a local expert.   

The thin sand layer is not 
anticipated to impact any 
historically sensitive areas. 
During remedy implementation, 
any identified anomalies will be 
left-in-place and reviewed in 
consultation with a local expert.   

The AquaBlok layer is not 
anticipated to impact any 
historically sensitive areas. 
During remedy implementation, 
any identified anomalies will be 
left-in-place and reviewed in 
consultation with a local expert.   

The AquaBlok layer is not 
anticipated to impact any 
historically sensitive areas. 
During remedy implementation, 
any identified anomalies will be 
left-in-place and reviewed in 
consultation with a local expert.   

Dredging and removal 
are not anticipated to 
impact any historically 
sensitive areas. During 
remedy 
implementation, any 
identified anomalies will 
be left-in-place and 
reviewed in 
consultation with a local 
expert.   
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Requirement Requirement Synopsis Determination of 
Applicability

Ability of Alternative 
1 to Meet ARAR (No 

Action)

Ability of Alternative 
2 to Meet ARAR 
(Limited Action)

Ability of Alternative 
3A to Attain ARAR 

(MNR)

Ability of Alternative 3B to 
Attain ARAR (ENR with thin 

sand layer, Reach 3)

Ability of Alternative 3C to 
Attain ARAR (ENR with thin 
sand layer, Reaches 3, 4, 6)

Ability of Alternative 4A to 
Attain ARAR (AquaBlok 

cap, Reach 3)

Ability of Alternative 4B to 
Attain ARAR (AquaBlok 

cap, Reaches 3, 4,6)

Ability of Alternatives 5A-5D 
to Attain ARAR (dredge and 

remove)

Federal ARARs

Clean Water Act § 
404, 40 CFR 230 

Limits discharges of 
dredged or fill material into 
any navigable waterway, 
including by forbidding 
such discharges where 
there is a practicable 
alternative that would have 
less adverse impact to the 
aquatic ecosystem, as long 
as the alternative does not 
have other significant 
adverse environmental 
consequences. Practicable 
is defined to mean 
"available and capable of 
being done after taking into 
consideration cost, existing 
technology, and logistics in 
light of overall project 
purposes."

Applicable to 
alternatives 
involving a thin 
sand cap, 
AquaBlok, or 
excavation.  

NA NA NA This alternative constitutes a 
discharge under s.404.  This 
alternative does not however 
have significant adverse 
environmental consequences, 
and it appears that other 
practicable alternatives would 
have greater impacts, except 
4A, which has a substantially 
identical impact.  MNR without 
enhancement would not 
significantly reduce the 
concentration of mercury in 
fish.  The alternatives that 
would cap additional reaches 
and the dredge/removal 
alternatives would involve 
greater disturbances of wetland 
environments but are not 
significantly more effective at 
reducing mercury 
concentrations.  

The thin sand layer constitutes a 
discharge under s.404, but there 
are practical alternatives with 
lower impacts.  Alts. 3B and 4A 
have approximately the same 
effectiveness but involve 
discharges in fewer reaches.   

This alternative constitutes a 
discharge under s.404.  This 
alternative has 
environmental impacts and 
effectiveness on par with Alt. 
3B, and is therefore the least 
damaging practicable 
alternative.  Studies indicate 
that AquaBlok caps, when 
covered with a layer of sand, 
can be recolonized by 
benthic organisms just as 
easily as a thin sand layer. 
See discussion of 3B's 
attainment of this ARAR.  

The AquaBlok layer 
constitutes a discharge 
under s.404, but there are 
practical alternatives with 
lower impacts.  Alts. 3B and 
4A have approximately the 
same effectiveness but 
involve discharges in fewer 
reaches.   

These alternatives would 
constitute a discharge under 
s.404, in that implementation of 
these alternatives anticipates a 
limited rate of resuspension 
(5%) of dredged material. 
Resuspended material would 
be managed via engineering 
controls (e.g., silt curtains) to 
limit the short-term impact to 
downstream reaches during 
active remediation.  It appears 
that there are practical 
alternatives with lesser impacts 
(3B and 4A).  

Clean Water Act -
National Pollution 
Discharge 
Elimination System 
(NPDES) (40 CFR 
122)

Regulates the discharge of 
water into public surface 
waters.  Requires 
compliance with technology-
based standards and state 
ambient water quality 
standards. 

Applicable to 
dredging and 
removal 
alternatives, if 
dewatering leads to 
a discharge of 
wastewater or site 
runoff is channeled 
directly to surface 
waters.

NA NA NA NA NA NA NA Dredged sediment would be 
dewatered under this 
alternative, potentially resulting 
in a discharge governed by 
NPDES requirements.  A pilot 
study would likely be performed 
during remedial design to 
ascertain compliance.

Clean Water Act - 
General 
Pretreatment 
Regulations for 
Existing and New 
Sources of Pollution 
(40 C.F.R. § 403)

Standards for direct 
discharge of groundwater 
into a Publicly Owned 
Treatment Works (POTW).

Applicable to 
dredging and 
removal 
alternatives, if 
dewatering 
activities leads to a 
discharge of 
wastewater to a 
POTW.

NA NA NA NA NA NA NA These standards would apply to 
these alternatives if water (from 
dewatering excavated 
sediment) were discharged to a 
POTW.  Water could be treated 
to comply.  
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Requirement Requirement Synopsis Determination of 
Applicability

Ability of Alternative 
1 to Meet ARAR (No 

Action)

Ability of Alternative 
2 to Meet ARAR 
(Limited Action)

Ability of Alternative 
3A to Attain ARAR 

(MNR)

Ability of Alternative 3B to 
Attain ARAR (ENR with thin 

sand layer, Reach 3)

Ability of Alternative 3C to 
Attain ARAR (ENR with thin 
sand layer, Reaches 3, 4, 6)

Ability of Alternative 4A to 
Attain ARAR (AquaBlok 

cap, Reach 3)

Ability of Alternative 4B to 
Attain ARAR (AquaBlok 

cap, Reaches 3, 4,6)

Ability of Alternatives 5A-5D 
to Attain ARAR (dredge and 

remove)

Resource 
Conservation and 
Recovery Act 
(RCRA)(42 U.S.C. 
§6901 et seq.), 
Subtitle C - 
Hazardous Waste 
Identification and 
Listing Regulations; 
Generator and 
Handler 
Requirements (40 
C.F.R. Parts 260-
262 and 264)

Federal standards used to 
identify, manage, and 
dispose of hazardous 
waste.  Massachusetts has 
been delegated the 
authority to administer 
these RCRA standards 
through its state hazardous 
waste management 
regulations.  These 
provisions have been 
adopted by the State.

Applicable if waste 
is determined to be 
hazardous.

NA NA These standards 
would apply to 
characterization and 
disposal of sampling-
related waste, if 
determined to be 
hazardous.

These standards would apply 
to characterization and 
disposal of sampling-related 
waste, if determined to be 
hazardous.

These standards would apply to 
characterization and disposal of 
sampling-related waste, if 
determined to be hazardous.

These standards would 
apply to characterization and 
disposal of sampling-related 
waste, if determined to be 
hazardous. 

These standards would 
apply to characterization 
and disposal of sampling-
related waste, if determined 
to be hazardous. 

These standards would apply to 
characterization and disposal of 
sampling-related waste, as well 
as to all the sediment 
excavated from the river, if 
determined to be hazardous.

Fish and Wildlife 
Coordination Act (16 
U.S.C. § 661, 50 
CFR Part 81)

Whenever the waters of 
any stream or other body of 
water are proposed or 
authorized to be 
impounded, diverted, the 
channel deepened, or 
controlled or modified by a 
federal agency, the agency 
must consult with the Fish 
and Wildlife Service and 
with the head of the 
applicable state agency, 
with a view to the 
conservation of wildlife 
resources by preventing 
loss of and damage to 
such resources.

Applicable to 
alternatives 
involving a thin 
sand cap, 
AquaBlok, or 
excavation.  

NA NA NA The thin sand layer may 
constitute a modification of the 
river within the meaning of the 
Act. No long-term adverse 
effects on biota are anticipated; 
restoration of disturbed areas 
will be conducted and channel 
modifications will be minor.  
EPA will consult with FWS.

The thin sand layer may 
constitute a modification of the 
river within the meaning of the 
Act. No long-term adverse 
effects on biota are anticipated; 
restoration of disturbed areas 
will be conducted and channel 
modifications will be minor.  
EPA will consult with FWS.

The AquaBlok layer may 
constitute a modification 
within the meaning of the 
Act. No long-term adverse 
effects on biota are 
anticipated; restoration of 
disturbed areas will be 
conducted and channel 
modifications will be minor.  
EPA will consult with FWS.

The AquaBlok layer may 
constitute a modification 
within the meaning of the 
Act. No long-term adverse 
effects on biota are 
anticipated; restoration of 
disturbed areas will be 
conducted and channel 
modifications will be minor.  
EPA will consult with FWS.

Implementation of active 
remedial work for Sediment 
Removal (i.e.; dredging) would 
require an increase in the 
channel depth of approximately 
20 centimeters. No adverse 
effects with respect to wildlife 
resource conservation are 
anticipated after remedy 
implementation as restoration 
of disturbed areas will be 
conducted and channel 
modifications will be minor.  
EPA will consult with FWS.

State ARARs
Water Quality 
Certification for 
Discharge of 
Dredged or Fill 
Material (314 CMR 
9.00)

Limits discharges of 
dredged or fill material into 
any navigable waterway, 
including by forbidding 
such discharges where 
there is a practicable 
alternative that would have 
less adverse impact on the 
aquatic ecosystem, as long 
as the alternative does not 
have other significant 
adverse environmental 
consequences.  
Practicable is defined to 
mean "available and 
capable of being done after 
taking into consideration 
cost, existing technology, 
and logistics in light of 
overall project purposes."

Applicable to 
alternatives 
involving a thin 
sand cap, 
Aquablok, or 
excavation.  

NA NA NA See discussion of CWA s.404, 
which imposes essentially 
identical requirements.  

See discussion of CWA s.404. See discussion of CWA 
s.404. 

See discussion of CWA 
s.404. 

See discussion of CWA s.404. 
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Requirement Requirement Synopsis Determination of 
Applicability

Ability of Alternative 
1 to Meet ARAR (No 

Action)

Ability of Alternative 
2 to Meet ARAR 
(Limited Action)

Ability of Alternative 
3A to Attain ARAR 

(MNR)

Ability of Alternative 3B to 
Attain ARAR (ENR with thin 

sand layer, Reach 3)

Ability of Alternative 3C to 
Attain ARAR (ENR with thin 
sand layer, Reaches 3, 4, 6)

Ability of Alternative 4A to 
Attain ARAR (AquaBlok 

cap, Reach 3)

Ability of Alternative 4B to 
Attain ARAR (AquaBlok 

cap, Reaches 3, 4,6)

Ability of Alternatives 5A-5D 
to Attain ARAR (dredge and 

remove)

Surface Water 
Discharge Permit 
Program (314 CMR 
3.00)

Regulates discharges of 
pollutants to surface waters 
of the Commonwealth.  
Requires compliance with 
technology-based 
standards and forbids 
discharges that result in a 
violation of Massachusetts 
Surface Water Quality 
Standards (MSWQS) (314 
CMR 4.00).

Potentially 
applicable to 
dredging and 
removal alternative, 
if dewatering or 
other site water is 
treated and/or 
discharged onsite.

NA NA NA NA NA NA NA Any discharge to surface 
waters of excavation/dredging 
or process water from the 
remedial action will be carried 
out so that it will not cause or 
contribute to an exceedance of 
the MSWQS.  See also the 
discussion of NPDES, above.

Hazardous Waste 
Rules for 
Identification and 
Listing of Hazardous 
Wastes (310 CMR 
30.100)

This establishes 
requirements for 
determining whether 
wastes are hazardous.  

Applicable to all 
alternatives except 
no action and 
limited action.

NA NA These standards 
would apply to 
characterization and (if 
waste is determined to 
be hazardous) 
disposal of sampling-
related waste.

These standards would apply 
to characterization and (if 
waste is determined to be 
hazardous) disposal of 
sampling-related waste.

These standards would apply to 
characterization and (if waste is 
determined to be hazardous) 
disposal of sampling-related 
waste.

These standards would 
apply to characterization and 
(if waste is determined to be 
hazardous) disposal of 
sampling-related waste.

These standards would 
apply to characterization 
and (if waste is determined 
to be hazardous) disposal 
of sampling-related waste.

These standards would apply to 
characterization and (if waste is 
determined to be hazardous) 
disposal of sampling-related 
waste and excavated sediment.

Hazardous Waste 
Management Rules - 
Requirements for 
Generators (310 
CMR 30.300)

These regulations contain 
requirements for 
generators of hazardous 
waste.  The regulations 
apply to generators of 
sampling waste and also 
apply to the accumulation 
of waste prior to off-Site 
disposal (or on-Site 
consolidation in the AOC).

Applicable if waste 
is determined to be 
hazardous, except 
not applicable to no 
action and limited 
action.

NA NA Any hazardous waste 
generated pursuant to 
this alternative will be 
handled in conformity 
with these standards.

Any hazardous waste 
generated pursuant to this 
alternative will be handled in 
conformity with these 
standards.

Any hazardous waste generated 
pursuant to this alternative will 
be handled in conformity with 
these standards.

Any hazardous waste 
generated pursuant to this 
alternative will be handled in 
conformity with these 
standards.

Any hazardous waste 
generated pursuant to this 
alternative will be handled 
in conformity with these 
standards.

Any hazardous wastes 
generated as part of remedial 
action will be handled in 
compliance with the 
requirements of these 
regulations

Hazardous Waste 
Management Rules - 
General standards 
for hazardous waste 
facilities (310 CMR 
30.500)

General facility 
requirements for waste 
analysis, security 
measures, inspections, and 
training requirements

Relevant and 
appropriate to 
dredging and 
removal alternative 
if waste is 
determined to be 
hazardous.

NA NA NA NA NA NA NA If excavated soil/sediment is 
considered hazardous waste, it 
would not be consolidated on-
Site, but would be disposed of 
off-Site.  All other requirements 
would be complied with.

Supplemental 
Requirements for 
Hazardous Waste 
Management 
Facilities (314 CMR 
8.00)

This regulation creates 
certain additional 
requirements imposed on 
wastewater discharges by 
RCRA facilities. 

Applicable to 
dredging and 
removal alternative 
if waste is 
determined to be 
hazardous.

NA NA NA NA NA NA NA On-site wastewater treatment 
system would be designed and 
operated to comply with these 
regulations. 

Hazardous Waste 
Rules - Special 
requirements for 
wastewater 
treatment units (310 
CMR 30.605)

Standards for wastewater 
treatment units for the 
treatment of hazardous 
waste.

Applicable to 
dredging and 
removal alternative 
if waste is 
determined to be 
hazardous.

NA NA NA NA NA NA NA If as part of this alternative, it is 
necessary to treat water 
contaminated with hazardous 
wastes prior to discharge to 
surface waters or a POTW, the 
standards of these regulations 
will be met.
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Requirement Requirement Synopsis Determination of 
Applicability

Ability of Alternative 
1 to Meet ARAR (No 

Action)

Ability of Alternative 
2 to Meet ARAR 
(Limited Action)

Ability of Alternative 
3A to Attain ARAR 

(MNR)

Ability of Alternative 3B to 
Attain ARAR (ENR with thin 

sand layer, Reach 3)

Ability of Alternative 3C to 
Attain ARAR (ENR with thin 
sand layer, Reaches 3, 4, 6)

Ability of Alternative 4A to 
Attain ARAR (AquaBlok 

cap, Reach 3)

Ability of Alternative 4B to 
Attain ARAR (AquaBlok 

cap, Reaches 3, 4,6)

Ability of Alternatives 5A-5D 
to Attain ARAR (dredge and 

remove)

Hazardous Waste 
Rules - Containers 
(310 CMR 30.680)

Establishes requirements 
for the management of 
containers, such as drums, 
that would hold field-
generated hazardous 
wastes.

Potentially 
applicable to all 
alternatives except 
no action and 
limited action.

NA NA If sampling waste is 
determined to be 
hazardous and is 
stored in containers, 
this regulation will be 
complied with.  

If sampling waste is determined 
to be hazardous and is stored 
in containers, this regulation 
will be complied with.  

If sampling waste is determined 
to be hazardous and is stored in 
containers, this regulation will be 
complied with.  

If sampling waste is 
determined to be hazardous 
and is stored in containers, 
this regulation will be 
complied with.  

If sampling waste is 
determined to be 
hazardous and is stored in 
containers, this regulation 
will be complied with.  

Any hazardous waste 
containers used for holding 
hazardous soil/sediment, water 
or other waste will comply with 
these requirements.

Hazardous Waste 
Rules - 
Management, 
Storage, and 
Treatment in Tanks 
(310 CMR 30.690)

Requirements for tank 
systems used to store or 
treat hazardous waste. 
Provides specifications for 
design and installation of 
tank systems. Requires 
secondary containment, 
leak detection systems, 
and inspections. Identifies 
general operating 
requirements, and closure 
and post-closure care.

Potentially 
applicable to all 
alternatives except 
no action and 
limited action.

NA NA If sampling waste is 
determined to be 
hazardous and is 
stored in tanks, this 
regulation will be 
complied with.  

If sampling waste is determined 
to be hazardous and is stored 
in tanks, this regulation will be 
complied with.  

If sampling waste is determined 
to be hazardous and is stored in 
tanks, this regulation will be 
complied with.  

If sampling waste is 
determined to be hazardous 
and is stored in tanks, this 
regulation will be complied 
with.  

If sampling waste is 
determined to be 
hazardous and is stored in 
tanks, this regulation will be 
complied with.  

Any tanks used for holding 
hazardous soil/sediment, water 
or other waste would comply 
with these requirements.

Hazardous Waste 
Regulations (310 
CMR 30.640 to 
30.649 - Waste Pile 
Requirements)

Where hazardous waste is 
stored for any period of 
time or treated in a waste 
pile, this regulation requires 
a liner that is a minimum of 
4 ft above the probable 
high groundwater level and 
a leachate collection and 
removal system above the 
liner. In addition, the waste 
pile must be designed and 
constructed to control 
runon and runoff. Waste 
piles in certain 
circumstances must also 
comply with 310 CMR 660: 
Groundwater Protection 
(e.g., groundwater 
monitoring requirements).

Potentially 
applicable to all 
alternatives except 
limited action and 
no action, if 
mercury levels 
cause remediation 
waste to be 
characteristically 
hazardous, 
otherwise technical 
requirements will 
only be considered. 

NA NA If sampling waste is 
determined to be 
hazardous and is 
stored in waste piles,  
this regulation will be 
complied with.  

If sampling waste is determined 
to be hazardous and is stored 
in waste piles,  this regulation 
will be complied with.  

If sampling waste is determined 
to be hazardous and is stored in 
waste piles,  this regulation will 
be complied with.  

If sampling waste is 
determined to be hazardous 
and is stored in waste piles,  
this regulation will be 
complied with.  

If sampling waste is 
determined to be 
hazardous and is stored in 
waste piles,  this regulation 
will be complied with.  

Any waste piles used for 
holding hazardous 
soil/sediment, water or other 
waste would comply with these 
requirements.
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Requirement Requirement Synopsis Determination of 
Applicability

Ability of Alternative 
1 to Meet ARAR (No 

Action)

Ability of Alternative 
2 to Meet ARAR 
(Limited Action)

Ability of Alternative 
3A to Attain ARAR 

(MNR)

Ability of Alternative 3B to 
Attain ARAR (ENR with thin 

sand layer, Reach 3)

Ability of Alternative 3C to 
Attain ARAR (ENR with thin 
sand layer, Reaches 3, 4, 6)

Ability of Alternative 4A to 
Attain ARAR (AquaBlok 

cap, Reach 3)

Ability of Alternative 4B to 
Attain ARAR (AquaBlok 

cap, Reaches 3, 4,6)

Ability of Alternatives 5A-5D 
to Attain ARAR (dredge and 

remove)

Sampling, Analysis, 
Handling and 
Tracking 
Requirements for 
Dredged Sediment 
Reused or Disposed 
at Massachusetts 
Permitted Landfills 
(Interim Policy 
#COMM-94-007)

Policy applies to all 
dredged sediments 
evaluated for WQC and 
proposed to be reused or 
disposed at Massachusetts 
permitted landfills. Policy 
details the 
Commonwealth’s 
definitions of “reuse” and 
“disposal,” defines 
“sediment” as distinct from 
“soil” via reference to 
wetland regulations and 
outlines testing and 
handling procedures in 
support of disposal or 
reuse of dredged 
sediments.  Sediments with 
mercury concentrations of 
10 mg/kg or less (and 
without exceeding limits for 
any other contaminants 
covered by the policy) may 
be reused at lined landfills.

TBC.  Relevant to 
all alternatives 
except limited 
action and no 
action.

NA NA Facilities receiving 
sampling waste would 
be required to certify 
acceptance of waste 
via the standard 
characterization and 
profiling process.  

Facilities receiving sampling 
waste would be required to 
certify acceptance of waste via 
the standard characterization 
and profiling process.  

Facilities receiving sampling 
waste would be required to 
certify acceptance of waste via 
the standard characterization 
and profiling process.  

Facilities receiving sampling 
waste would be required to 
certify acceptance of waste 
via the standard 
characterization and profiling 
process.  

Facilities receiving 
sampling waste would be 
required to certify 
acceptance of waste via the 
standard characterization 
and profiling process.  

Facilities receiving sampling 
and dredging waste would be 
required to certify acceptance 
of waste via the standard 
characterization and profiling 
process.  

Sewer System 
Extension and 
Permit Program (314 
CMR 7.00), 
Operation and 
Maintenance and 
Pre-Treatment 
Standards for 
Wastewater 
Treatment Works 
and Indirect 
Discharges (314 
CMR 12.00)

314 CMR 7.01 et seq. 
requires permits for 
construction of certain new 
sewer lines.  314 CMR 
12.00 applies standards 
(from CWA 403)  for 
discharges to publicly 
owned treatment works, 
including standards to 
protect the POTW’s 
receiving waters and 
standards to prohibit 
discharges that would pass 
through the POTW.  

Potentially 
applicable to 
dredging and 
removal 
alternatives.

NA NA NA NA NA NA NA Although not anticipated to be 
required, discharges off-site of 
treated wastewater to a POTW 
will require conformance with 
these regulations. 
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TECHNICAL MEMORANDUM 

 
 
TO:    Scott Harding, Nobis Engineering 
 
FROM:    Avatar Environmental, LLC 
 
DATE:    2 September 2009 
 
SUBJECT:   Nyanza OU IV BSAF Development 
 
 
INTRODUCTION 
 
Avatar  Environmental  was  tasked  to  develop  Reach  and  species‐specific  mercury  biota  to 
sediment  accumulation  factors  (BSAFs)  for  fish  appropriate  to  the  human  health  fish 
consumption  scenarios.    The  following  discussion  presents  the  approach,  conclusions  and 
recommendations associated with BSAFs developed for the Sudbury River in Reaches 2 through 
10. 
 
METHODS 
 
BSAFs were calculated using total mercury fillet data.   Total mercury fillet concentrations were 
used because the total mercury dataset  is more robust.    In addition, because site‐specific data 
indicated that 89‐99% of mercury detected in fish is methylated, it was assumed that all of the 
mercury detected in fish tissue is methylated.  Only sections of the Nyanza River adjacent to or 
downstream of the site were  included  in this exercise (i.e., Reaches 2‐10 and Reach 7 – Heard 
Pond).      Three  fish  groupings  were  considered:    1)  bullhead  (includes  brown  and  yellow 
bullhead); 2)  largemouth bass; and 3) yellow perch.   Lastly,  fillets of all  lengths  (generally >20 
cm) were used in this exercise.   
 
BSAFs were calculated by: 
 

1. Dividing each fish concentration within a reach by each sediment concentration for that 
reach.   This  resulted  in  the  “distribution” dataset.   The mean  and median were  then 
calculated for this dataset.  

2. Dividing each fish concentration within the reach by the mean sediment concentration 
for that reach.  The mean BSAF was then calculated for this dataset. 

3. Dividing each fish concentration within the reach by the median sediment concentration 
for that reach.  The median BSAF was then calculated for this dataset. 

 
 
Because numerous  factors  can  affect mercury bioavailability  and  concentration  relationships, 
total  organic  carbon  (TOC)  in  sediment  normalization  and  concentrations  associated  with 
standard  fish  lengths were  also  considered.    Prior  to  calculating BSAFs with  these  estimated 
concentrations,  linear  regressions were  performed  to  evaluate  the  presence  of  a  statistically 



 
 
 

 
A Service-Disabled Veteran-Owned Small Business  www.avatarenviro.com 

significant  relationship.   The  results are presented  in Tables 1 and 2.   TOC normalization was 
calculated on a per‐sample basis by simply dividing the sediment mercury concentration by the 
sediment  TOC  concentration.    Standard  fish  lengths were  calculated  using  the methodology 
discussed in detail in TechLaw’s (2006) Proposed Statistical Analysis of Whole Fish Total Mercury 
Residue Data in Support of the Nyanza Operable Unit IV (Sudbury River) Baseline Ecological Risk 
Assessment (Interim Deliverable), included as Appendix E in the Nyanza OU IV SBERA (December 
2008).  Standard fish lengths used were the average lengths and were 28 cm for bullhead, 37 cm 
for largemouth bass, and 23 cm for yellow perch. 
 
BSAF  calculations were  completed using  four different  fish  to  sediment pairings as presented 
below.      Note  that  only  relationships  presented  in  Tables  1  and  2  that  were  considered 
significant (i.e., p value <0.05) were used to calculate BSAFs.   
 

1. Fillet concentration to sediment concentration. 
2. Fillet concentration to TOC‐normalized sediment concentration. 
3. Length‐normalized fillet concentration to sediment concentration. 
4. Length‐normalized fillet concentration to TOC‐normalized sediment concentration. 

 
These calculations were done for both total and methylmercury in sediment. 
 
RESULTS/DISCUSSION 
 
Attachments A through D show box plots associated with the different “distribution” data sets.  
Observations on these data are as follows.   

• Pairing the lowest fish concentration with the highest total mercury sediment 
concentration, then vice versa within a reach on a per species basis, leads to ranges of 
BSAFs on several orders of magnitude. 

• Interquartile ranges of the above parings generally cover an order of magnitude or so.   
• Median values vary up to two orders of magnitude for a species among reaches.  
• TOC normalization of the sediment appears to tighten up the BSAFs; however, more 

outliers are noted. 
 
The results for the primary target area BSAFs are presented on Table 3.   Note the following for 
the primary target areas (i.e., Reaches 3, 4, and 8): 
 

• Of the primary target areas, Reach 8 BSAFs (total mercury) were the highest for each 
species group. 

• The distribution‐based median BSAFs, mean BSAFs, and median BSAFs were similar. 
• The length‐normalized BSAFs were similar to the non‐normalized BSAFs. 
• Total and MeHg‐based BSAFs showed similar patterns. 

 
In general, when considering fish to total mercury sediment concentration BSAFs for all reaches: 

• For tHg in bullhead, Reach 7 had the highest BSAFs.   
• For tHg in largemouth bass, flowing reaches (2, 5, and 7) had the highest BSAFs. 
• For tHg in perch, flowing reaches (2, 5, 7, and 10) BSAFs. 
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Based on  these observations,  it  is suggested  that BSAFs be calculated using  total mercury  fish 
fillet  concentrations  divided  by  the  total mercury  sediment  concentrations.    Because  of  the 
similarities  in  the  central  tendency  statistics  (e.g.,  mean  or  median)  within  and  among 
calculation methods  (i.e., mean  to mean, median  to median, distribution;  see Table 3), either 
statistic is likely to result in an fairly good estimate of site‐specific bioaccumulation.      
 
RECOMMENDATIONS 
 
BSAF values can be used for each reach from Table 3 as‐is or variations could be calculated, such 
as  on  differing  flow‐regimes.    Because  the  largemouth  bass  dataset  is  the most  robust  and 
because  largemouth  bass  are  upper  trophic‐level  piscivores  (i.e.,  a  species  likely  to  have 
elevated Hg  levels due  to biomagnification),  it  is  recommended  that  the BSAFs   calculated  for 
the  largemouth bass  serve as  representative of all  fish  species  if used  for evaluating clean‐up 
options.  It  is also recommended that BSAFs for tHg and sediment be used because this subset 
demonstrates stability and consistency among calculation methods.   Finally  it  is recommended 
that median‐ value  BSAFs  using the distribution approach be given priority (see shaded values 
on Table 3) in the feasibility process because they incorporate each data value collected, are not 
sensitive  to  extreme  values  and  are  consistent  with  values  developed  using  the mean  and 
median  approach.    If  a  single  BSAF  value  is  desired, we  recommend  2.2 which  is  somewhat 
conservative, but appears a reasonable compromise given the range of BSAFs developed. 
 
Validity  of  the  final  BSAFs  could  be  tested  by  calculating  fish  tissue  concentrations  (BSAF  x 
Sediment  Conc.  =  Fish  Conc.)  for  each  available  sediment  concentration  and  subsequently 
calculating reach‐specific EPCs and comparing them to the EPCs used  in the human health risk 
assessment.  In addition,  the  fate and  transport model may be,  in a sense, validated  if human 
health  fish  ingestion  risk‐based  sediment  PRGs  developed  using  the BSAFs  are  similar  to  the 
model‐generated BSAFs.  
 
 



Table 1

Linear Regression of Sediment Concentrations (mg/kg) versus TOC Concentrations (mg/kg) 

Reach/Species B1 (slope) B0 (y‐intercept) r2 p value*
Conclusion
at p = 0.05

Total Hg
Reach 2 1.60E‐05 1.447 0.02 0.678 NS
Reach 3 8.34E‐05 2.903 0.081 0.092 NS
Reach 4 4.05E‐05 3.928 0.057 0.481 NS
Reach 5 1.35E‐05 0.401 0.119 0.161 NS
Reach 6 2.82E‐05 0.701 0.112 0.288 NS
Reach 7 5.10E‐07 0.377 0.004 0.865 NS
Reach 8 5.79E‐06 0.277 0.316 0.072 NS
Reach 9 1.56E‐05 ‐0.163 0.889 0.000 S
Reach 10 7.78E‐06 0.094 0.513 0.020 S

MeHg
Reach 2 4.54E‐08 0.003 0.06 0.468 NS
Reach 3 2.43E‐08 0.004 0.061 0.147 NS
Reach 4 1.24E‐08 0.001 0.105 0.331 NS
Reach 5 2.13E‐08 0.002 0.044 0.403 NS
Reach 6 2.86E‐08 0.001 0.1 0.316 NS
Reach 7 5.05E‐09 0.001 0.046 0.55 NS
Reach 8 3.87E‐08 0.001 0.398 0.037 S
Reach 9 1.87E‐08 0.001 0.371 0.062 NS
Reach 10 2.04E‐08 0.001 0.259 0.133 NS

*p value= the probability that the difference in means is due to natural variability.
NS = Not significant
S = Significant

Regression Equation:  y = mx + b
m = slope or B1
b = y intercept or B0



Table 2

Linear Regression of Total Mercury in Fillet (µg/kg ww) versus Length (cm) 

Reach/Species B1 (slope) B0 (y‐intercept) r2 p value*
Conclusion
at p = 0.05

Reach 2
Bass 37.442 ‐635.808 0.545 0.015 S
Perch 57.183 ‐1023.515 0.526 0.005 S

Reach 3
Bullhead 58.245 ‐975.984 0.096 0.385 NS
Bass 76.206 ‐1837.983 0.797 0.001 S
Perch 41.536 ‐442.576 0.366 0.037 S

Reach 4
Bullhead ‐1.427 288.996 0.003 0.885 NS
Bass 27.349 ‐208.76 0.218 0.173 NS
Perch 52.172 ‐704.136 0.376 0.026 S

Reach 5
Bullhead 7.385 3.728 0.144 0.28 NS
Bass 20.94 ‐157.544 0.318 0.089 NS
Perch 56.652 ‐1003.125 0.787 0 S

Reach 6
Bullhead 28.002 ‐329.21 0.251 0.14 NS
Bass 34.446 ‐560.289 0.513 0.02 S
Perch 59.705 ‐1075.308 0.606 0.002 S

Reach 7
Bullhead 16.794 ‐133.56 0.159 0.254 NS
Bass 56.803 ‐1430.547 0.846 0 S
Perch 21.164 ‐264.418 0.213 0.112 NS

Reach 7 Heard Pond
Bullhead 11.348 ‐247.684 0.819 0 S
Bass 8.613 ‐189.432 0.675 0.004 S
Perch 6.236 ‐94.192 0.384 0.056 NS

Reach 8
Bullhead ‐30.487 1197.795 0.069 0.464 NS
Bass 44.322 ‐748.512 0.729 0.002 S
Perch 43.515 ‐642.052 0.494 0 S

Reach 9
Bullhead ‐9.924 504.324 0.183 0.217 NS
Bass 55.246 ‐1049.077 0.816 0 S
Perch 31.554 ‐309.302 0.193 0.133 NS

Reach 10
Bullhead ‐25.331 1025.824 0.066 0.474 NS
Bass 65.85 ‐1684.843 0.808 0 S
Perch 45.346 ‐625.509 0.337 0.037 S

*p value= the probability that the difference in means is due to natural variability.
NS = Not significant
S = Significant

Regression Equation:  y = mx + b
m = slope or B1
b = y intercept or B0



Table 3

Biota to Sediment Accumulation Factors (BSAFs)

BSAF (mg Hg/kg fish fillet per mg Hg/kg sed or OC)

Analyte/ Fish to Sediment Fish to TOC Normalized Sediment Standard Length Fish to Sedimentd Standard Length Fish to TOC Normalized Sedimentd

Reach/ Distributiona Distributiona Distributiona Distributiona

Species Mean Median Meanb Medianc Mean Median Meanb Medianc Mean Median Meanb Medianc Mean Median Meanb Medianc

tHg
BH
S2 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S3 0.28 0.093 0.062 0.11 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S4 0.078 0.041 0.038 0.038 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S5 1.7 1.2 0.32 1.0 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S6 1.5 0.20 0.16 0.21 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S7 3.4 1.1 1.1 2.7 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S7‐HP 0.036 0.040 0.02 0.04 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 0.72 0.27 0.02 0.03 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S8 1.0 0.35 0.32 0.33 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S9 0.21 0.18 0.18 0.18 0.016 0.016 0.016 0.016 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S10 1.79 0.82 0.65 0.67 0.093 0.026 0.028 0.025 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐

LB
S2 22 1.5 0.35 1.6 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 23 1.6 0.37 1.7 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S3 0.38 0.14 0.084 0.14 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 0.37 0.14 0.083 0.16 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S4 0.22 0.11 0.11 0.094 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S5 5.5 4.1 1.0 3.9 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S6 2.8 0.39 0.30 0.36 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 2.7 0.38 0.28 0.39 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S7 7.1 2.2 2.3 5.2 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 6.9 2.64 2.3 5.0 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S7‐HP 0.050 0.047 0.03 0.1 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 1.3 0.49 0.03 0.05 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S8 3.1 1.1 0.96 1.1 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 2.7 0.97 0.84 0.98 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S9 0.98 0.81 0.85 0.74 0.077 0.069 0.076 0.067 0.95 0.81 0.82 0.82 0.075 0.074 0.074 0.074
S10 5.0 2.2 1.8 2.1 0.26 0.080 0.078 0.078 3.9 1.9 1.4 1.9 0.20 0.068 0.061 0.070

YP
S2 14 0.93 0.21 0.85 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 9.1 0.70 0.14 0.79 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S3 0.21 0.081 0.047 0.079 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 0.20 0.066 0.043 0.086 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S4 0.16 0.084 0.079 0.076 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 0.15 0.082 0.075 0.065 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S5 2.8 1.7 0.52 1.7 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 2.6 1.8 0.48 1.8 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S6 1.2 0.17 0.13 0.16 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 1.1 0.16 0.12 0.17 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S7 2.2 0.77 0.71 1.4 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S7‐HP 0.020 0.022 0.01 0.02 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S8 1.0 0.37 0.33 0.39 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 1.1 0.39 0.34 0.41 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S9 0.42 0.36 0.36 0.37 0.033 0.034 0.033 0.034 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S10 2.0 1.0 0.72 0.76 0.10 0.032 0.031 0.028 2.2 1.1 0.78 1.1 0.11 0.037 0.034 0.040



Table 3

Biota to Sediment Accumulation Factors (BSAFs)

BSAF (mg Hg/kg fish fillet per mg Hg/kg sed or OC)

Analyte/ Fish to Sediment Fish to TOC Normalized Sediment Standard Length Fish to Sedimentd Standard Length Fish to TOC Normalized Sedimentd

Reach/ Distributiona Distributiona Distributiona Distributiona

Species Mean Median Meanb Medianc Mean Median Meanb Medianc Mean Median Meanb Medianc Mean Median Meanb Medianc

MeHg
BH
S2 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S3 234 120 118 116 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S4 158 125 120 132 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S5 3014 346 111 349 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S6 903 231 159 213 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S7 2080 357 351 916 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S7‐HP 19 19 18 19 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 13 13 13 13 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S8 470 58 47 55 8.6 4.8 4.7 5.8 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S9 79 75 75 71 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S10 427 173 153 143 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐

LB
S2 9849 221 154 263 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 8547 390 160 279 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S3 318 164 160 145 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 319 159 158 163 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S4 443 353 338 328 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S5 9818 1192 361 1352 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S6 1701 408 300 369 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 1610 412 284 396 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S7 4399 739 743 1803 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 4287 964 724 1723 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S7‐HP 26 25 26 25 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 25 25 24 24 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S8 1393 191 140 183 25 17 14 19 2135 404 122 163 23 16 12 17
S9 372 336 350 299 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 361 341 340 331 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S10 1184 501 424 456 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 932 386 334 407 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐

YP
S2 5922 141 93 142 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 844 127 62 132 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S3 180 94 90 80 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 177 98 83 87 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S4 325 261 248 267 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 311 244 237 228 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S5 4973 559 183 576 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 303 152 168 610 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S6 738 179 130 167 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 671 169 119 172 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S7 1338 277 226 495 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S7‐HP 11 10 10 10 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S8 474 64 48 64 8.7 5.7 4.7 6.8 732 132 49 67 9.0 6.1 4.9 7.1
S9 160 151 150 151 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐
S10 477 199 171 162 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐ 518 218 186 233 ‐‐‐ ‐‐‐ ‐‐‐ ‐‐‐

Shaded values indicate statistics recommended for use in feasibility study.

aBSAF calculated by dividing each fish concentration by each sediment concentration, resulting in a full distribution of potential BSAFs.  Values presented are either the mean or the median of the distribution.
bBSAF calculated by dividing each fish concentration by the mean sediment concentration.  Value presented is the mean of theses BSAFs.
cBSAF calculated by dividing each fish concentration by the median sediment concentration.  Value presented is the median of these BSAFs.
dCalculated only when concentration to length linear regression was significant at p=0.05.
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1.0 INTRODUCTION 

Nobis Engineering, Inc. (Nobis), and its Team Subcontractors, Weston Solutions, Inc. and 

Avatar Environmental have prepared this preliminary Monitoring Plan (MP) to provide a basis for 

estimating the cost of conducting routine evaluations of changes in fish tissue mercury 

concentrations following remedy implementation at the Nyanza Chemical Waste Dump 

Superfund Site, Operable Unit 4 (OU4) – Sudbury River (the “Site”) in Ashland, Massachusetts.    

The level of detail included in this preliminary MP is intended to support a wide range of 

remedial alternatives, each of which is discussed more fully in the Feasibility Study (FS).  This 

effort was undertaken on behalf of the U.S. Environmental Protection Agency (EPA), Region 1 

in accordance with Remedial Action Contract No. EP-S1-06-03, Task Order No. 0026-RI-CO-

0115 to support the current FS for OU4.   

 

1.1 Purpose and Background 

The purpose of developing this Monitoring Plan (MP) was to estimate the effort and cost 

required for periodic assessment of trends in human health risks resulting from consumption of 

mercury-contaminated fish from the Sudbury River.  Sampling techniques, target sample 

attributes, and analytical requirements were based on historic data and a recently performed 

Trend Analysis included as Appendix A of the FS (Thus preserving some ability to compare 

result to previous fish collection efforts).  During Remedial Design, this MP should be 

reevaluated and further developed, as necessary.     

 

Elevated mercury concentrations in fish collected from the River can be are attributable to a 

combination of sources, specifically historic activities at the former Nyanza Chemical Waste 

Dump site (i.e., Nyanza-related mercury) and atmospheric deposition (i.e., anthropogenic 

sources).  The relative contribution of each to the total body burden of mercury in fish varies by 

location within the River and to local environmental conditions.   

 

1.1.1 Preliminary Monitoring Program Objectives 

Fish tissue samples are anticipated to be collected and analyzed initially to provide an 

assessment of baseline conditions and subsequently sampled at 5 year intervals for at least 30 

years to evaluate trends in fish tissue mercury concentrations and gauge the effectiveness of 

the selected remedy.  The sampling recommended in this MP is designed to identify a 
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statistically significant change in fish tissue mercury concentrations of 20% or greater.  The 

majority of sampling (i.e., that conducted every 5 years) will target largemouth bass based on 

their greater availability and the increased likelihood they are used as a food species.  Other 

species collected less frequently (i.e. every 10 years) include yellow perch and bullhead; these 

will be collected so as to allow for the calculation of human health risks consistent with the 2006 

HHRA  

 

Sediment and surface water samples are proposed to be collected every 5 years concurrently 

with the collection of Largemouth Bass (LMB) to evaluate trends in these media 

 

An initial, one-time, groundwater sampling and hydrologic study should be conducted during the 

pre-design phase to evaluate groundwater concentrations of mercury and hydrologic 

connections between groundwater and the Sudbury River.  

 

2.0 PRELIMINARY MONITORING PROGRAM 

The following four major components constitute the preliminary MP and are discussed in further 

detail in the following subsections: 

 

• Pre-design groundwater sampling and hydrologic study 

• Sediment and surface water sampling ( every 5 years) 

• Baseline and routine single species fish sampling (every 5 years)  

• Tri-species fish tissue sampling (every 10 years) 

 

Multi-media monitoring is recommend for all impacted reaches of the River (Reach 2 through 

10) as well as reference areas (Reach 1 and the Charles River).   

 

2.1 Pre-design Groundwater Sampling and Hydrologic Study 

2.1.1 Rationale 

A hydrologic investigation is proposed to supplement existing information, and provide a better 

understanding of the relationship between area groundwater and the Sudbury River.  A goal of 

this investigation is to assess the degree to which groundwater may be contributing to surface 

water both in terms of flow and water quality.  An understanding of hydrologic interconnections 
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between groundwater and surface water is critical for many of the remedial alternatives 

considered in the FS.         

 

2.1.2 Sample Collection 

The direction, magnitude and composition of groundwater to/from the Sudbury River should be 

measured by installing seepage meters along the bottom of the River.  It is recommended that 

seepage meters be installed in a portion of Reach 2 (down stream of Mill pond) and in the two 

reaches historically shown to have high concentrations of mercury in sediment (Reaches 3 and 

4).  Porewater collected in seepage meters should also be analyzed for dissolved mercury (Hg) 

and methylmercury (MeHg) via EPA Method 1631, Revision E and modified Method 1630, 

respectively.  Due to the sensitivity of the analytical methods, the “clean-hands/dirty-hands” 

method of sample collection and some modifications to standard equipment will be required and 

should be verified with the analytical laboratory prior to sample collection (see Method 1669: 

Sampling Ambient Water for Determination of Trace Metals at EPA Water Quality Criteria 

Levels).      

 

Multiple seepage meters should be installed within each reach described above, and the 

locations biased towards areas historically shown to exhibit high concentrations of mercury 

and/or where indications of groundwater flux (e.g.; groundwater seeps) are evident.   Based 

upon the initial results, further investigation via diffusion sampling techniques for contaminant 

flux and/or mini-piezometer installation may be warranted.  However, costs for any further 

diffusion sampling investigations or piezometer installation have not been included in the cost 

estimate for monitoring in the FS.  

 

2.1.3 Reporting 

A report describing sampling and analysis methodology, number and type of samples collected, 

significant observations/measurements and/or data quality deficiencies will be completed.  

Analytical data will be tabulated and figures will be generated depicting sampling locations and 

water quality data.  This evaluation is recommended to be completed prior to a pre-design study 

to ensure remedy effectiveness prior to implementation.  
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2.2 Sediment and Surface Water Sampling 

2.2.1 Rationale 

Sediment and surface water samples will be collected at a frequency of every 5 years after 

remedy implementation.  This data, along with historic data collected over the past two decades 

may be used to evaluate trends over time and the potential effectiveness of the selected 

remedy.  Additionally, sediment and surface water data may be compared to the model- 

predicted data utilized in the FS study.  Based upon past data collection activities, this MP 

proposes that sediment be collected for analysis of both Hg and MeHg via EPA Method 1631 

(Appendix) and modified Method 1630, respectively and surface water be collected for analysis 

of both total and dissolved species of Hg and MeHg via EPA Method 1631, Revision E and 

modified Method 1630, respectively.   

 

2.2.2 Sample Collection 

Standard surface water and sediment sampling methods will be used.  However, due to the 

sensitivity of the analytical methods (Modified Method 1631 and Method 1630), the “clean-

hands/dirty-hands” method of sample collection and some modifications to standard equipment 

will be required and thus should be verified with the analytical laboratory prior to sample 

collection (see Method 1669: Sampling Ambient Water for Determination of Trace Metals at 

EPA Water Quality Criteria Levels).      

 

It is anticipated that four surface water and sediment samples will be collected from each reach 

being sampled for fish tissue (Reach 2, 3, 4, 6, 8, 9, and 10) and each reference location 

(Reach 1 and the Charles River).  

 

2.2.3 Reporting 

A report describing sampling and analysis methodology, number and type of samples collected, 

significant observations/measurements and/or quality deficiencies will be completed.  Analytical 

data will be tabulated and figures will be generated depicting sampling locations and 

corresponding mercury concentrations. 
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A Target Sediment Concentration (TSC) of 2 milligram per kilogram (mg/kg) and 10 ppm of total 

mercury were established as benchmarks for evaluating active remedial alternatives.  These 

data will support Comprehensive Environmental Response, Compensation, and Liability Act 

(CERCLA) 5-Year Reviews for OU4 and provide insight into mercury reduction within the River 

by observing trends in sediment and surface water mercury concentrations.  

 

2.3 Routine Single Species Fish Tissue Sampling 

2.3.1 Rationale 

Routine monitoring of fish tissue is the preferred method for gauging the effectiveness of any 

remedy implemented.  However, due to the persistence of mercury in the environment, as well 

as the population-level effects of sampling more frequently, a 5-year monitoring frequency is 

considered to be the shortest interval during which a significant changes in fish tissue mercury 

concentrations might be observed.  Therefore, this preliminary MP proposes that routine 

monitoring of fish tissue be conducted at a frequency of every 5 years.  At that frequency, the 

data can also be reviewed as part of the CERCLA 5-Year Reviews.   

 

In an effort to simplify fish collection and maximize the usefulness of data collected, only one 

species of fish is specified for routine monitoring.  For the Sudbury River, largemouth bass 

constitute one of the largest-sized fish species native to the region.  Historic sampling events 

and the 2006 HHRA found that largemouth bass typically yield the highest contribution of 

mercury to the aggregate Exposure Point Concentration (aggregate of 3 species).  In addition, 

due to their larger size, largemouth bass are often the target of recreational angers in the River.   

 

2.3.2 Sample Collection 

Fish will be collected in the field via box nets, gill nets, trot lines, electro-shocking, and rod and 

reel.  Following collection, size verification will be performed in the field to ensure representative 

members of the bass population are obtained (which is an age of 3 to 5 years which 

corresponds to an approximate length range of 10 to 14 inches).  The fish samples will then be 

shipped to the analytical laboratory for age-verification prior to mercury analysis via EPA 

Method 1631, Revision B, for low-level mercury analysis.  Historic sampling and current 

literature indicate that almost all (89% or more) of mercury in fish tissue is MeHg, therefore only 

total mercury analysis is recommended.  Furthermore, only fillet samples should be analyzed 
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and this portion of fish is known to have the highest concentration of mercury as well as be 

consumed.  Ten largemouth bass (between the lengths of 10 and 14 inches) will be collected 

from each of the following reaches which correspond to where an HI >1 exists for a child 

recreational angler:   

 

• Reach 2 

• Reach 3 

• Reach 4 

• Reach 6 

• Reach 8 

• Reach 9 

• Reach 10 

 

2.3.3 Reporting 

A report describing sampling and analysis methodology, number and type of samples collected, 

significant observations/measurements and/or quality deficiencies will be completed.  Analytical 

data will be tabulated and figures will be generated depicting sampling locations.  Collected at a 

frequency of every 5 years, this data evaluation will support CERCLA 5-Year Reviews for OU4.    

 

2.4 Tri-Species Fish Tissue Sampling  

2.4.1 Rationale 

Periodic sampling of three different species of fish native to the River will be performed so as to 

recalculate the hazard index (HI) using the same methodology that was used for the 2006 

HHRA.  This will allow for a comparison of current risks with the human health risks calculated 

in 2006 and an assessment of the effectiveness of the selected remedy.  Largemouth bass, 

yellow perch and bullhead species of fish will be collected.   

 

2.4.2 Sample Collection 

Fish sample collections and analytical methods will be the same as described for routine 

sampling.  All fish collected will be subject to age determination by the laboratory prior to 

analysis via EPA Method 1631, Revision B, for low-level mercury.  Additionally, fish length will 



 

NH-2445-2010-F 7 Nobis Engineering, Inc. 

be measured prior to analysis to ensure that fish are 1.) of edible size and 2.) are a similar 

distribution of ages as those evaluated in the 2006 HHRA.  For largemouth bass, the ideal size 

for collection is equal to or greater than 12 inches.  For yellow perch and bullhead species, an 

appropriate length is not specified; however, historic analysis indicates that fish equal to or 

greater than 6 inches are adequate to represent the edible population.    

 

Ten fish of each species will be collected from each of the following reaches: 

 

• Reach 2 

• Reach 3 

• Reach 4 

• Reach 6 

• Reach 8 

• Reach 9 

• Reach 10 

 

In addition to the above reaches, fish from reference areas (Charles River and Reach 1) are 

also proposed to be collected. These data will allow for periodic evaluation of changes in 

reference/background trends which presently (in 2010) are above National Recommended 

Water Quality Criteria (NRWQC). 

 

2.4.3 Reporting 

A report describing sampling and analysis methodology, number and type of samples collected, 

significant observations/measurements and/or quality deficiencies will be completed. Analytical 

data will be tabulated and figures will be generated depicting sampling locations.   

 

Additionally, a Supplemental HHRA will be prepared using an aggregate mean sample 

concentration from the 3 species of fish using the same methodology employed during the 2006 

HHRA and subsequent update for Reach 2 and 9 (Avatar, 2006 and EPA, 2008).  Conducted at 

a frequency of not less than every 10 years, this information is anticipated to provide a means of 

assessing attainment of the Remedial Action Objective (RAO) established in the FS.  
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3.0 PROJECTED EFFORT AND COSTS 

Estimated costs for the effort described in this preliminary MP are provided on Table 12-3B of 

the FS (Nobis, 2010).  These costs represent the extent of monitoring specified for Alternative 

3A (Monitored Natural Recovery) and are expected to provide the basis for future monitoring 

required for all active remedial alternatives.  Major assumptions that affect this estimate are 

listed below:  

 

• Analytical detection limits require analysis via modified EPA 1630 and/or Method 1631, 

Revision E for total and dissolved Hg and MeHg analysis within the various media types. 

As such, procedures, equipment and materials needed to be consistent with the 

stringent guidelines provided in EPA Method 1669: Sampling Ambient Water for 

Determination of Trace Metals at EPA Water Quality Criteria Levels were included in the 

cost estimate included provisions for extra personnel to implement the “clean-hands/ 

dirty-hands” technique and non-metallic sampling equipment.   

 

• Fillet fish samples will be analyzed as opposed to whole-body samples as this is the 

portion of the fish where mercury is prone to concentrate and is the most likely to be 

consumed. 

 

• Analytical costs were estimated based upon standard costs obtained from a laboratory 

qualified for low-level mercury analysis (current as of March 2009).   

 

• Travel costs were estimated for a New England-based contractor. 

 

• The estimated number of fish samples that will be required to observe a statistically 

significant change over 5-year and 10-year intervals was based on the OU4 FS Water 

quality Analysis Simulation Program (WASP) model-predicted trends in fish tissue 

concentrations.    
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